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PREFACE

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

COURSE OVERVIEW: This course is designed to assist enlisted personnel in the advancement to GSE
Third Class Petty Officer/GSM Third Class Petty Officer. In completing this course you will demonstrate a
knowledge of course materials by correctly answering questions on the following topics: the requirements
for advancement to GSE3 and GSM3; programs and record keeping procedures needed for the safe
operation of the main propulsion systems and the auxiliary equipment aboard ship; proper use of various
tools, test equipment, and indicating instruments used aboard gas turbine ships; basic concepts of electrical
theory, mechanical theory, and scientific principles applicable to gas turbine engines; the operation and
components of auxiliary equipment, including valves and piping system components, main reduction gears
and controllable pitch propeller systems, fuel and lube oil systems, associated pumps, and waste heat boiler
systems; and basic troubleshooting methods, minor repairs, and test on motors, controllers, and
switchboards.

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

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

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

The purpose of this manual is to provide you
with the basic foundation of information you need
as you continue to advance in the Navy. After
reading this manual, you should be able to
recognize the increased responsibility needed for
advancement and to identify the other sources of
information available to you. As you attain each
promotional level in your chosen rating, you, as
well as the Navy, will benefit. The Navy will
benefit and you will continue to do so as you
become more adept at the technical aspects of
your rating. With each advancement, you accept
an increasing responsibility in military and
occupational matters.

You will find that your responsibilities for
military leadership are the same as those of petty
officersin other ratings. Every petty officer isa
military person as well as atechnical specialist.
However, your responsibilities for technical
leadership are special to your rating. They are
directly related to the nature of your work.
Operating and maintaining the ship’s engineering
systems and equipment is a job of vital
importance, and it requires teamwork.

Before you study this book, we recommend
that you complete or at least review the following
Navy courses:

e Navy Electricity and Electronics Training
Series (NEETS), Modules 1, 2, 3, 4, 5, 16,
and 21.

The NEETS was developed for use by
personnel in many electrical- and electronic-
related Navy ratings. Written by, and with the
advice of, senior technicians in these ratings, this
series provides beginners with fundamental
electrical and electronic concepts through the
medium of self-study. The presentation is not
oriented to any specific rating structure. This
series is divided into 22 modules that contain
related information organized in traditional paths
of instruction. Module 1 introduces you to the
course with a short history of electricity and

electronics and proceeds into the characteristics
of matter, energy, and direct current. Module 1
also describes some of the general safety pre-
cautions and first-aid procedures that should be
common knowledge for a person working in the
field of electricity. Related safety hints are located
throughout the rest of the series. Modules 2
through 5 deal with the generation of electricity;
the application of resistors, capacitors, and
inductors;, and the phenomena of alternating
current. Module 16 introduces the beginner to
some of the more commonly used pieces of test
equipment and their applications. Module 21
introduces you to alternative methods of
performing electronics measurements.

As you progress up the ladder of advance-
ment, and to further your knowledge of electricity
and electronics, we recommend you become
familiar with the remaining 15 modules of this
series.

e Basic Machines, NAVPERS 10624

Basic Machines was written as a reference for
the enlisted person in the Navy whose duties
require knowledge of the fundamentals of
machinery. It begins with the simplest of machines
(the lever), then proceeds with a discussion of
other types of machines-the block and tackle,
wheel and axle, inclined plane, and screw and
gear. It explains the concepts of work and power,
and differentiates between the terms force and
pressure. The fundamentals of hydrostatic and
hydraulic mechanisms are discussed in detail. The
final chapters of the book include several
examples of the combinations of simple
mechanisms to make complex machines.

e Use and Care of Hand Tools and Measuring Tools,
NAVEDTRA 12085

This training manual (TRAMAN) was written

to aid in the maintenance effort. It provides

descriptions, general uses, correct operation, and

approved maintenance procedures for those hand



tools and power tools commonly used in the
Navy. It stresses the importance of good work-
manship. Also, by emphasizing good safety
practices, it aids in the prevention and minimiz-
ing of personnel and equipment damage.

To help you study any book, you should
become acquainted with its design. Here are some
things you should know about this TRAMAN and
its associated nonresident training course (NRTC).

e This TRAMAN is designed to help you
fulfill professiona requirements for advancement
to GSE3 and GSM 3. The manual was prepared
using the GSE3 and GSM3 occupational
standards (OCCSTDs) prescribed by the Chief of
Naval Personnel in the Manual of Navy Enlisted
Manpower and Personnel Classifications and
Occupational Standards, NAVPERS 18068
(VOLUME 1). This manual contains the information
needed to establish a good foundation for both
GSEs and GSMs.

e The Personnel Quadlification Standards
(PQS) and OCCSTDs for the GSE3 and GSM3
ratings are very similar; therefore, it was more
economical to develop asingle TRAMAN. We
wish to emphasize that the two ratings are
separate. In writing one TRAMAN, we absolutely
do not intend to infer that the ratings should be
compressed at the third class petty officer level.

® This GSE3/GSM3 TRAMAN is written to
the OCCSTDs, personnel advancement require-
ments (PARS), and PQS of the various watch
stations of both ratings. Chapter 10 of this
TRAMAN is unique to the GSEs.

@ You must satisfactorily complete this
TRAMAN before you can advance to GSE3 or

GSM3. Thisis true whether you are in the regular
Navy or in the Naval Reserves. However, those
personnel who satifactorily complete Gas Turbine
A School may have this course waived by the local
command.

@ ThisTRAMAN is written to provide you
a basic foundation of information that you will
use throughout your naval career as a GSE or
GSM. You will find additional information and
terminology for your rating in the following
appendixes:

Appendix |I-a glossary of terms peculiar to
the GS ratings. Use it whenever you are not sure
of the meaning of a word.

Appendix ll-a list of abbreviations and
accronyms used throughout this TRAMAN.

Appendix lll—electrical and electronic
symbols.

Appendix IV—piping print symbols.
Appendix V—metric system.
Appendix VI-ist of the NEETS modules.

Appendix VIl-ist of reference materials
used to prepare this TRAMAN.

Information can be organized and presented
in many different ways. Before you study the
chaptersin this book, read the table of contents
and note the arrangement of information in this
TRAMAN. You will find it helpful to get an
overdl view of the organization of this TRAMAN
before you start to study it.



CHAPTER 1

RATING

This training manual is designed to help you
increase your knowledge in the various aspects of
the Gas Turbine Systems Technician ratings. It
will help you prepare for advancement to third
class petty officer. Your contribution to the Navy
depends on your willingness and ability to accept
increasing responsibilities as you advance in rate.
When you assume the duties of a Gas Turbine
Systems Technician (Electrical) (GSE) or a Gas
Turbine Systems Technician (Mechanical) (GSM),
you begin to accept certain responsibilities for the
work of others. As you advance in your career,
you accept additional responsibilities in military
subjects as well as occupational and training
requirements for the GSE or GSM rating.

After studying this chapter, you should be able
to describe the GSE/GSM ratings in terms of their
history and present status, to identify the duties
and responsibilities of GSEs and GSMs, to
summarize the advancement requirements for
GSEs and GSMs, and to list the general training
sources available for you.

FORMATION OF THE
GSE/GSM RATINGS

In late 1975, with the commissioning of the
USS Spruance (DD-963), the Navy realized there
was a need for the formation of a specialized gas
turbine rating. At that time, personnel drawn
primarily from the Electrician’s Mate (EM),
Engineman (EN), and Interior Communications
Electrician (1C) ratings were being put through
specia gas turbine pipeline training for duty
aboard the new gas turbine ships. Then, in 1978
the decision was made to form the GSE and GSM
ratings. On October 1, 1978, both ratings were
put into effect. All EMs, ENs, and 1Cs with
DD-963 class Naval Enlisted Classification Codes
(NECs) were converted to GSE or GSM, as
applicable. Then, with the introduction of the
Oliver Hazard Perry (FFG-7) to the fleet,
more schools and NECs were required to train
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personnel properly to maintain and to operate
these ships.

DUTIES AND RESPONSIBILITIES

A third class GSE or GSM has the opportunity
to work with a wide variety of main propulsion,
auxiliary, and electrical equipment. The GSE is
primarily responsible for the electronic control
circuitry interfaces, such as signal conditioners,
control consoles, and designated electrical equip-
ment associated with shipboard propulsion and
electrical power generating plants. The GSM is
primarily responsible for the operation and
maintenance of the gas turbine engines (GTES),
gas turbine generators (GTGs), reduction gears,
and associated equipment (such as pumps, valves,
oil purifiers, heat exchangers, shafts, and shaft
bearings). As you continue to advance in the
Navy, as a GSE or GSM you will increasingly
cross-train between GSE and GSM. This will
prepare you for more demanding assignments.

We have arranged the GSE3/GSM3 Volumes
1 and 2 manuals to give you a systematic
understanding of your job. The occupational
standards (OCCSTDs) used in preparation of the
training manuals are contained in the Manual
of Navy Enlisted Manpower and Personnel
Classifications and Occupational Standards,
NAVPERS 18068. We recommend that you
study the GSE and GSM sections of NAV-
PERS 18068E to gain an understanding of the
skills required of a GSE/GSM. Then study the
subject matter carefully. The knowledge you gain
will enable you to become a more proficient
technician, and you and the Navy will profit from
your skills.

ADVANCEMENT REQUIREMENTS

The office of the Chief of Naval Operations
monitors current and future vacancies in the



Navy. These vacancies are changed to quotas for
each rate in al Navy ratings. Quotas are used to
determine the number of selectees for advance-
ment in each advancement cycle.

Y our ability to fill one of the quotasin your
rating depends on how well you know and do your
job and on your desire and readiness for advance-
ment. The Navy provides you with challenging
work and training that helps you learn more about
your job. Your seniors are interested in seeing you
advance. They provide feedback to you through
personal contact and performance evaluations.
The rest is up to you.

ELIGIBILITY REQUIREMENTS
FOR ADVANCEMENT

You must complete several steps to be-
ome eligible for advancement. These steps
include completing the time requirements, Per-
sonnel Advancement Requirements (PARs), and
military required courses and tests; receiving a
recommendation by your commanding officer;
meeting physical readiness/body fat standards;
completing required professional performance
courses, and passing the advancement-in-rate
examination. For more specific information on
your eligibility, contact your educational services
officer (ESO).

PROFESSIONAL DEVELOPMENT

Two of the most important aspects of your
professional development are SUSTAINED
SUPERIOR PERFORMANCE and STUDYING
FOR ADVANCEMENT. How you do your job
determines how you are evaluated. To achieve an
evaluation of sustained superior performance, you
must demonstrate a continual outstanding job
performance in all areas of your rate. Your
exam performance, rating knowledge, and work
performance demonstrate the extent of your
studying.

Sustained Superior Performance

Your key to success in the Navy is a sustained
superior performance. You can be a top
performer among your peers by reaching for your
full potential. Remember, the higher your
advancement goal, the stiffer the competition.
Your performance evaluations must show that
you are among the best in the Navy, not just at
your present command. The Navy wants and
promotes people with a record of doing the job
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well. That means doing the job well on shore or
at sea. Your performance is reported in your
performance evaluation. Let’s look at evaluations
to see their impact on advancement.

PERFORMANCE EVALUATIONS—Your
ENLISTED PERFORMANCE EVALUATION
REPORT is the most significant management tool
in your service record. It is one of the first
documents used by your superiors to make
advancement decisions about you because it is a
continuous record of your performance. You can
influence what goes into your evaluation by
having sustained superior performance. In plain
words, always do top-notch work.

PERFORMANCE MARK AVERAGE
FACTOR.—The average of your performance
evaluation marks are converted to a performance
mark average (PMA). This is one of the more
important factors used to compute your final
multiple score (FMS). Three factors are used
in the figuring of your FMS—experience,
performance, and exam score. Your FMS is
used to rank-order you against all other candidates
who take the same exam as you. To give you some
idea of the impact your performance has on your
FMS (and your chances for advancement), look
at the following figures: If you are a candidate
for PO3 or PO2, 30 percent of your FMS is based
on your performance; if you are a PO1 candidate,
the percentage is 35 percent; for CPO, it is 40
percent.

Studying for Advancement

Closely related to your ability to perform in
a superior manner is the amount and quality of
studying you do. An advancement handbook
(Advancement Handbook for Petty Officers, Gas
Turbine Systems Technician (GS), NAVED-
TRA 71065) is available to help you prepare and
study for advancement. A handbook exists for
every rating in the Navy. Each handbook is
divided into three parts. The first part explains
the Navy Advancement System; the second part
contains the naval standards (NAV STDs) with
their supporting bibliography; the third part
contains the OCCSTDs with their supporting
bibliography and the PARs. Your rating hand-
book shows you what courses are mandatory
regquirements for advancement.

You should concentrate on three major areas
of study, (1) information particular to your job



and command responsibilities, (2) NAVSTDs, and
(3) OCCSTDs.

NAVAL STANDARDS.—The NAVSTDs
describe knowledge and abilities required of every
enlisted person in the Navy. The NAVSTDs are
cumulative; that is, as you advance in paygrade,
you are responsible for NAVSTDs in the paygrade
you are trying for, your present paygrade, and
all paygrades below. You are tested on your
knowledge of NAVSTDs by the military/leader-
ship exams for PO3 through CPO as part of your
eligibility requirements.

OCCUPATIONAL STANDARDS—The
OCCSTDs are standards that express the Navy’'s
minimum requirements for enlisted occupational
skills established by manpower and personnel
managers. The OCCSTDs are written as task
statements. They form the foundation of a well
planned system that dovetails your training,
advancement, and job assignments. Besides
prescribing tasks expected of you, OCCSTDs also
Indicate general paygrade responsibility levels. For
example, OCCSTD 37012, Maintain Tools, isa
routine task that islocated at alower paygrade;
more difficult tasks, such as OCCSTD 37049,
Supervise Engine Changeouts, are located at a
higher paygrade. The OCCSTDs, like the
NAV STDs, are cumulative. That means as you
advance in your rating, you are responsible for
the OCCSTDs of the rate you are trying for, your
present rate, and all lower rates.

BIBLIOGRAPHIES FOR NAVSTDS AND
OCCSTDS—You can find supporting
bibliographies for NAVSTDs and OCCSTDsin
either of two publications, the Advancement
Handbook for Petty Officers and the
Bibliography for Advancement Sudy, NAVED-
TRA 10052 (current edition). The bibliographies
in both of these publications contain the same
references.

EXAM AND NOTIFICATION
OF RESULTS

The exam is a 150-question test that you will
have up to 3 hours to take. After completing the
exam, you will be given the SUBJECT-MATTER
SECTION IDENTIFICATION SHEET (fig. 1-1).
This is sometimes called the “tear-off sheet.”
Keep this sheet. When you receive your
EXAMINATION PROFILE INFORMATION
FORM (fig. 1-2), you can look at the section of
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the text that you need to work on because of low
scores. The Subject-Matter Section Identification
sheet has three columns. The first column shows
the number of sections in the exam, the second
column gives you the title of the sections, and the
third column shows the OCCSTDs that were
covered in that section. The Examination Profile
Information form that you will receive when the
exam results arrive at your command shows the
examination section and your standing in that
section compared to all others who took the same
exam. The section number corresponds with the
Examination Section column on the Subject-
Matter Section ldentification sheet. Use this
information to discover the knowledge, strengths,
and weaknesses that you were tested on in this
exam only. By looking at the Advancement Hand-
book for Petty Officer, you will find the
references used in making up that section of the
exam.

TRAINING SOURCES

The Navy provides various types of training.
In this section we are going to discuss some of
the different types of training and the different
sources you can use in locating available training.

SCHOOLS

The Navy provides three major types of
schools to assist its personnel. The different types
of schools are (1) the technical training schools,
(2) Naval Leadership Development Program
(NLDP) school, and (3) fire-fighting
and damage control schools.

Technical Schools

The main school for gas turbine personnel is
in Great Lakes, lllinois. The GSE/GSM “A”
schools and the GSE/GSM “C” schools are
located there; however, the Navy has other
technical schools on both coasts that will assist
personnel in their job. For more information
about these other schools, you should talk to your
divisional training petty officer.

Naval Leadership Development Program
School

As you advance to third class petty officer,
your responsibilities for military leadership will
be about the same as those of petty officersin



GIVE THIS SHEET TO YOUR PROCTOR

SUBJECT-MATTER SECTION IDENTIFICATION FOR ALL

GSE 3

EXAMINATIONS WITH SERIAL NUMBERS FROM

1110001 TO 1

1. This examination is divided into SUBJECT-MATTER
are general in nature and represent the occupatd
below shows both the scctional breakdown for
I of the Manual of Navy Enlisted Manpower a
Standards (NAVPERS 18068-D including Chan

es of these sections
his rate. The chart

e standards from Section
tions and Occupational

the questions.

2. The total bibliography for THIS exa
Examination Study (NAVEDTRA 10052-AG)
along with its appropriate Occupati
obtained from your ESO.

tained in Bibliography for Advancement
d in its entirety for your rating
parate booklet. This booklet may be

3. This SUBJECT~MATTER IDENTI
of your examination results a
RATE, DIV, and SHIP/STA in th
proctor.

retained by your command until receipt
OFILE INFORMATION FORM. Fill in your NAME,
w before handing this shect to your exam

4. Your EXAMINATION P
sent to you by separat
your EXAMINATION PROFI
weaknesses in compariso

(explained on the back of this sheet) will be
ing the SUBJECT-MATTER IDENTIF(CATION SHEET and
M will assist you in identifying your strengths and
candidates for this examination.

EXAMINATION SUBJECT -MATTE STANDARDS SUPPORTING THE QUESTIONS
SECTION TITLE (FROM NAVPERS 18068) o =z
<
1 FUNDAMENTALS OF ELECTRICITY 14065, 14213, 14257, 24423, 24490, 26007, m
46003
2 TOOLS AND REPAIR EQUIPMENT 24007, 94163, 94792
3 COMPUTEP PRINCIPLES AND LOGIC|14065, 24423, 26007, 31204
. ELECTRICAL POWER DISTRIBUTION|14065, 14213, 24007, 24423, 28991, 88CO6,
SYSTEMS 88C07
@
I
E TEET EQUIPMENT 14257, 24423, 24499 5
“
6 GAS TURBINE PRINCIPLES 14065, 31003, 31204, 82002 5
7 ENGINEERING PLANT OPERATIONS 114257, 24032, 26007, 31003, 31198, 31204,
31205, 31206, 88005, 88207, 98240
8 3-M SYSTEMS 26007, 50929
z
~

THIS SHEET MUST BE USED WITH THE MANUAL OF NAVY ENLISTED MANPOWER AND
PERSONNEL CLASSIFICATIONS AND OCCUPATIONAL STANDARDS (NAVPERS 10068)

Figure 1-1.—Subject-Matter Section Identification sheet.
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NETISA 10461794 (8-7%)

FROM COMMANDING OFFICER

ro (YOUR NAME WILL APPEAR HERE)

SUBJ EXAMINATION PROFILE INFORMATION

DEPARTMENT OF THE NAVY

NAVAL EDUCATION ANO TRAINING PROGRAM
DEVELOPMENT CENTER
PENSACOLA, FLORIDA 32509

€

SEAILES/IDATE ACTIVITY cQoe

12345  AB
/—

(YOUR'EXAM SERIAL NUMBER AND
THE DATE WILL APPEAR HERE)

THE INFORMATION PAOVICED BELOW 1S A PROFILE OF YOUR RELATIVE STANDING WITH ALL OTHERS IN YOUR RATE IN EACH
SUBJECTMATTER SECTION. THE INFORMATION 5 7O BE USED WiTH THE SUBJECT MATTER IDENTIFICATION SHEET FOR THE EXAM.
INATION SERIES INDICATEQ STANDINGS ARE BASED ON OVER 90% RETURNS. NO SIGNIFICANT CHANGE WITH ALL RETURNS IN

YOUR
FINAL
MULTIPLE

EXAMINATION

STATUS SECTION

T

REQUIRED

% 1 12 PAGE

({5 6[78 9

MINIMUM
MULTIPLE

I

'
| A
STANDING
| 1

B
HA

1
LEPLLA[P

AlE

S {Superior s uppar 10N
E iEwcenenti=upoer 0%

COPY 10 ¢
= (Hoghs 308

CODE
SERVICE RECORD INTERPRETATION

YOUMAY CONTACT YOUR ESO FOR DATA USEQ FOR YOUR MULTIPLE COMPUTATION

40N Licow =lower J0%
P iPoar]=iowe 20N
VPivary Pooriciowe 10%

HA IHigR Avscagel=uoner
A 1Average
LA iLom Averageromer 404

- m.aae

Figure 1-2.—Examination Profile Information form.

other ratings. (All petty officers have military as
well as technical duties.) Operating and maintain-
ing a ship’s engineering plant and associated
equipment requires teamwork along with a special
kind of leadership ability that can only be
developed by personnel who have a high degree
of technical competence and a deep sense of
personal responsibility. Strive to improve your
leadership ability and technical knowledge
through study, observation, and practical
application.

Technical leadership involves more than just
giving orders. In fact, you can demonstrate some
of the most important aspects of technical leader-
ship even if you are not directly supervising other
personnel. As a GSE or GSM, you demonstrate
technical leadership when you follow orders
exactly, when you follow safety precautions, and
when you accept responsibility. Also, when you
continue to increase your professiona knowledge
and when you perform every detail of your work
with integrity and reliability, you improve your
technical leadership know-how.

Another way in which to gain additional
leadership skills is through attendance at the
Naval Leadership Development Program
(NLDP) school. All petty officers should
attend this school to fine tune the leadership skills
they have attained through study, observation,
and application.

Fire-Fighting and Damage Control Schools

At various times throughout your Navy career,
you may also attend various fire-fighting and
damage control schools. There can NEVER be
enough emphasis placed on the importance of
damage control aboard ship. Y ou will find that
damage control and fire drills will be held
routinely in port, at sea, and during specia fleet
exercises or refresher training. You must learn
your duties for damage control emergencies to the
very best of your ability because your life and the
lives of your shipmates may depend on your
actions.

TRAINING MANUALS

There are two genera types of training
manuals (TRAMANS). RATING manuals (such
as this one) are prepared for most enlisted ratings.
A rating manual gives information directly related
to the OCCSTDs of one rating. SUBJECT
MATTER manuals or BASIC manuals give
information that applies to more than one rating.

Training manuals are revised to keep them up-
to-date technically. The revision of arate train-
ing manual is identified by a letter following the
NAVEDTRA number. You can tell whether any
particular copy of atraining manual isthe latest
edition by checking the NAVEDTRA number and
the letter following this number in the most
recent edition of the List of Training Manuals and



Correspondence Courses, NAVEDTRA 10061.
(NAVEDTRA 10061 is actually a catalog that lists
al current training manuals and courses; you will
find this catalog useful in planning your study
program.)

Each time a TRAMAN is revised, it is brought
into conformance with the official publications
and directives on which it is based. However,
during the life of any edition of a TRAMAN,
changes are made to the official sources and
discrepancies arise. In the performance of your
duties, you should always refer to the appropriate
official publication or directive. If the official
source is listed in Bibliography for Advancement
Sudy, NAVEDTRA 10052, the Naval Education
and Training Progran Management Support
Activity (NETPMSA) uses it as a source in
preparing the fleetwide examinations for advance-
ment. In case of a discrepancy between any
publications listed in NAVEDTRA 10052 for a
given rate, the examination writers use the most
recent material.

Training manuals are designed to help you
prepare for advancement. The following sugges-
tions may help you make the best use of this
manual and other Navy training publications
when you prepare for advancement.

1. Study the NAVSTDs and the OCCSTDs
for your rating before you study the training
manual and refer to the standards frequently as
you study. Remember, you are studying the
manual primarily to meet these standards.

2. Set up aregular study plan. 1t will probably
be easier for you to stick to a schedule if you can
plan to study at the same time each day. If
possible, schedule your studying for a time of day
when you do not have many interruptions or
distractions.

3. Before you begin to study any part of the
manual intensively, become familiar with the
entire book. Read the preface and the table of
contents. Check through the index. Thumb
through the book without any particular plan.
Look at the illustrations and read bits here and
there as you see things that interest you. Review
the glossary. It provides definitions that apply to
words or terms as they are used within the
engineering field and within the text. There are
many words with more than one meaning. Do not
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assume that you know the meaning of a word!
As you study, if you cannot recall the use
of a word, look it up in the glossary. For
your convenience, a list of abbreviations
and a table on conversion to the metric
system appear as appendixes in the back of this
manual .

4. Look at the training manual in more detail
to see how it is arranged. Look at the table of
contents again. Then, chapter by chapter, read
the introduction, the headings, and the sub-
headings. In this manner you will get a pretty clear
picture of the scope and content of the book. As
you look through the book, ask yourself some
questions.

e What do | need to learn about this?
e What do | aready know about this?

e How is this information related to
information given in other chapters?

e How is this information related to the
OCCSTDs?

EDUCATIONAL GUIDANCE

Numerous personnel are available aboard ship
who can assist you in furthering your Navy
education.

Divisional Training Petty Officer

Your divisiona training petty officer can
help you with any questions you may have
about where to obtain study material. The
training petty officer usually issues you your
PQS material and maintains the associated
progress chart.

Educational Services Officer

The ESO maintains the TRAMANS, non-
resident training courses (NRTCs), arid NRTC
answer sheets. The ESO can also assist you with
off-duty education such as the Scholastic Aptitude
Test (SAT) and the College Level Examination



Program (CLEP) tests, as well as enrollment in
local colleges.

Command Career Counselor

The command career counselor can assist
you in applying for schools, arranging for
duty stations in conjunction with GUARD
reenlistments, and any other questions you may
have about your career path.

SUMMARY

This chapter has covered information of the
rating, duties and responsibilities, advancement
requirements, and training sources. All these areas
are important in their own right. If you wish to
advance in the Navy, you should study the
OCCSTDs and the publications mentioned in the
Advancement Handbook for Petty Officers.






CHAPTER 2

ADMINISTRATION AND PROGRAMS

As you progress up the ladder of advance-
ment, you will be required to become more and
more involved with the administrative portion of
your rates. Administration is the machinery by
which an organization plans and accomplishes its
assigned responsibilities. Experience has
demonstrated that the issuance of proceduresin
writing fosters the use of the best available
techniques for administration. Additionally, it
provides for uniformity of operationsin light of
the continuing turnover of personnel within the
GSE/GSM ratings.

The Navy has many programs that will affect
you at some time in your Navy career. In this
chapter you will learn the basics of some of the
programs that will affect you as a GSE or GSM.
This chapter is not designed to make you an
expert in any of these programs, rather it will
make you aware of their existence and advise
you where to seek more in-depth information.
Programs we discuss include only those you will
need to know about while carrying out your
assigned duties.

After studying this chapter, you should be able
to identify and locate the publications, blueprints,
catalogs, charts, directives, drawings, manuals,
and schematics you will need to perform your day-
to-day tasks. You should be able to describe the
proper procedures for submitting work deferrals,
completions, and maintenance data system forms.
Also, you should be able to recognize the various
types of logs and records and explain how they
are maintained and why they are kept. Y ou should
be able to discuss with some accuracy the various
programs pertinent to you as an engineer (that
is, safety, equipment tag-out, personnel pro-
tection, fluid management, physical security,
environmental quality, gauge calibration, and
vave maintenance); understand how the Person-
nel Qualifications Standards (PQS) program will
mold you into a more competent watch stander;
and discuss the function of the Main Space Fire

Doctrine and how it interacts with the Engineering
Operational Sequencing System (EOSS).

SOURCES OF INFORMATION

One of the most useful things you can learn
about a subject is how to find out more about it.
No single publication can give you all the
information you need to perform the duties of
your rating. You should learn where to look for
accurate, authoritative, up-to-date information on
all subjects related to engineering administration
and engineering programs. In this section we will
discuss most of the publications you will
use. These publications contain the detailed
information you need for advancement and for
everyday work. Some 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 edition. When
using any publication that is kept current by
changes, be sure you have a copy in which all
official changes have been made. Studying
canceled or obsolete information will not help you
to do your work or to advance in rate. At best,
it is a waste of time; at worst, it may be
dangerously misleading.

NAVAL SEA SYSTEMS COMMAND
PUBLICATIONS

The publications issued by the Naval Sea
Systems Command (NAVSEA) are of particular
importance to engineering department personnel.
They disseminate authoritative information
concerning equipment operation and technical
or safety matters requiring immediate fleet
implementation. They also provide the status of
selected technical/logistic issues for the various
classes of ships. Although you do not need to
know everything in these publications, you should
have a general idea of their content.



The Naval Ships' Technical Manual (NSTM)
is the basic engineering doctrine publication of
NAVSEA. NAVSEA keeps the manual up-to-date
by quarterly changes. When NAV SEA issues new
or revised chapters, they designate them with a
new chapter numbering system.

The following chapters of the Naval Ships
Technical Manual are of particular importance
to GSEs and GSMs; they reflect the new and old
numbers for each chapter.

NEW OLD CHAPTER

078 (9950)  Gaskets, Packings, and Seals

220, (9560)  Boiler Water/Feedwater - Test

Vol 2 and Treatment

221 Boilers

234 (9416)  Marine Gas Turbines

241 (9420)  Propulsion Reduction Gears,
Couplings, and Associated
Components

243 (9430)  Shafting, Bearings, and Seals

244 (9431)  Bearings

245 (9440)  Propellers

254 (9460)  Condensers, Heat Exchangers,
and Air Ejectors

255 (9562)  Feedwater System and Ap-
paratus

262 (9450)  Lubricating Qils, Greases, and
Hydraulic Fluids and Lubrica-
tion Systems

300 (9600)  Electric Plant General

302 (9630)  Electric Motors and Control-
lers

491 (9690)  Electric Measuring and Test
Instruments

503 (9470)  Pumps

504 (9870)  Pressure, Temperature, and
Other Mechanical and Elec-
tromechanical Measuring In-
struments

505 (9480)  Piping Systems

541 (9550)  Ship Fuel and Fuel Systems
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MANUFACTURERS TECHNICAL
MANUALS

Anocther important source of information you
can use is the manufacturer’s technical manual
for the piece of equipment you are working on.
These manuals contain all the information
necessary for operation, troubleshooting,
overhaul, and repair. For example, they contain
information on gas turbine engine (GTE)
component change-out and engine change-out.

DRAWINGS

Some of your work as a GSE/GSM will
require you to read and work from mechanical
drawings. Y ou can find information on how to
read and interpret drawings in Blueprint Reading
and Sketching, NAVEDTRA 12014.

Besides knowing how to read drawings, you
must know how to locate applicable drawings. For
some purposes, the drawings included in the
manufacturers  technical manuals for the
machinery or equipment may give you the
information you need. In many cases, however,
you may have to consult the onboard drawings.
The onboard drawings are sometimes referred to
as ship’s plans or ship’s blueprints. An index
called the ship’s drawing index (SDI) lists the on-
board drawings. The SDI lists all working
drawings that have a NAVSHIPS drawing
number, all manufacturers drawings designated
as certification data sheets, equipment drawing
lists, and assembly drawings that list detail
drawings. The SDI identifies the onboard
drawings by an asterisk (*).

Drawings are listed in numerical order in the
SDI. Onboard drawings are filed according to
numerical sequence. Two types of numbering
systems are in use for drawings with NAV SHIPS
numbers. The older system is an S-group
numbering system. The newer system, used on all
NAVSHIPS drawings since 1 January 1967,
is a consolidated index numbering system. A
cross-reference list of S-group numbers and
consolidated index numbers is given in NAV-
SHIPS Consolidated Index of Materials and
Services Related to Construction and Conversion.

SHIPS MAINTENANCE AND
MATERIAL MANAGEMENT
(3-M) SYSTEMS

The Ships' Maintenance and Material Man-
agement (3-M) Manual, OPNAVINST 4790.4,
describes in detail the Ships' 3-M Systems. The



primary objective of the Ships' 3-M Systemsis
to provide for managing maintenance and
maintenance support in a way to ensure maximum
equipment operational readiness. The Ships 3-M
Systems is divided into two subsystems. They are
the Planned Maintenance System (PMS) and the
Maintenance Data System (MDS).

PURPOSES OF PMS
The PMS was established for several purposes:

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

2. To define the minimum planned main-
tenance required to schedule and control PMS
performances

3. To describe the methods and tools to be
used

4. To provide for the detection and pre-
vention of impending casualties

5 To forecast and plan manpower and
material requirements

6. To plan and schedule maintenance tasks

7. To estimate and evaluate material readiness

8. To detect areas requiring additional or
improved personnel training and/or improved
mai ntenance techniques or attention

9. To provide increased readiness of the ship

BENEFITS OF PMS

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

The PMS assures better records because the
shipboard maintenance manager has more useful
data. The flexibility of the system alows for
programming of inevitable changes in employ-
ment schedules. This helps to better plan
preventive maintenance,

The PMS helps leadership and management
reduce frustrating breakdowns and irregular hours
of work, and thus improves morale. It enhances
the effectiveness of all hands.

LIMITATIONS OF PMS

The PMS is not self-starting; it does
not automatically produce good results. It
requires considerable professional guidance and
continuous direction at each level of the system’s
operation. One individual must have both the
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authority and the responsibility at each level of
the system’ s operation.

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

CURRENT SHIP'S MAINTENANCE
PROJECT

The Current Ship’s Maintenance Project
(CSMP) is a numerical listing of outstanding
deficiencies for all work centers aboard ship.
Previoudly, an appropriate shore facility prepared
and distributed the CSMP. However, because of
deployment schedules and delays in mailing, the
CSMP did not reflect the actual status of
completed actions. Now, with the introduction of
a3-M computer system, most ships can prepare
and update their own CSMP and deliver it on tape
to the appropriate shore facility.

As a third class petty officer, you prepare
forms for deferred maintenance actions and/or
work requests. If a problem arises with a piece
of equipment that cannot be repaired within
30 days, you must prepare a deferred action. If
the problem is beyond a ship’s force capability
to repair, you have to prepare a deferred
action/work request. It is very important that you
maintain a timely and accurate account for trend
analysis so supervisors can organize effective work
schedules.

Because of rapid changesin the Ships 3-M
Systems, always refer to a current copy of the
Ships Maintenance and Material Management
(3-M) Manual.

ENGINEERING ADMINISTRATION

In this section we will discuss the portions of
engineering administration pertinent to you as a
third class GSE or GSM, such as the Engineering
Department Organization and Regulations
Manual (EDORM), logs and records, programs,
the Personnel Qualification Standards (PQS), the
Main Space Fire Doctrine, and the EOSS.

EDORM

The EDORM is a joint type-commander in-
struction (COMNAVSURFLANTINST 3540.18
and COMNAVSURFPACINST 3540.14) that is
usually modified by each ship to suit the ship’s
specia requirements. You should refer to it
for matters pertaining to the organization,



management, operation, and readiness of the
engineering department.

STANDING/NIGHT ORDERS

The various operating orders that you must
become familiar with include standard (or
standing) orders, standing orders for special
evolutions, and night orders.

One of the commanding officer’s standing or-
ders specifically pertaining to the engineering de-
partment is the Restricted Maneuvering Doctrine.
Thisisan instruction that is reviewed by each new
commanding officer and approved or revised to
his own requirements. It includes main engine
combinations, generator combinations, standby
setups, and casualty procedures to use during

ENGINEERING LOG
NAVSEA 3120/28 (REV. 10-81) S/N0116-LF-031.2115

9.77
IS OBSOLETE

EDITIONT
CLASSIFICATION

HULL NUMBER

uss

DAY MONTH YEAR ?O‘vfa% TIME ZONE CHANGE TO TIME ZONE CHANGE FAOM
AT/PASSAGE FROM ASEAGE YO OTAL MILES TRAVELED TOOAY

EQUIPMENT STATUS (Need nor be compiered [or comnnuing pages)

MAIN ENGINES PLANT STATUS liouuu
GENERATOAS STEERING ENGINES COMSINATION
DAYS OUT OF DRY DOCK TAYAPULT STATUS (CHi Onivy DAYS SINCE LAST NULL CLEANING
DAAFY Fwo DAAFT AFT DRAFT MEAN TONS
0Quio LoAD PERCENT OF FULL LOAD (%) 7
MAJOR EQUIPMENT OUT OF COMMISEION

EXAMINED DAILY AND CERTIFIED TO BE CORRECT

SIGNATURE OF ENGINEER OFFICER/RANK
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RECORD OF ALL EVENTS OF THE DAY
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CLASSIFICATION

(Leave back side blank)

Figure 2-1—Engineering Log, NAVSEA 3120/2B.
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maneuvering in restricted waters or along-
side another ship. The commanding officer's
Restricted Maneuvering Doctrine may also
include instructions on casualty control pro-
cedures during general quarters.

The engineer officer also has standing
orders covering a wide variety of subjects.
They include instructions for watch standers,
reporting procedures for casualties, and log
entries.

Another standing order, which is more
of a shipboard instruction, is the ship’s
Fire Doctrine. All personnel aboard ship
need to familiarize themselves with its con-
tents. The Fire Doctrine contains all the
basic information necessary to know for report-
}ng, fighting, and extinguishing a shipboard
ire.

Night orders have information on all propul-
sion and auxiliary equipment in use, any expected
major speed changes, or changes to plant status.
They include any specia instructions the engineer
officer may have for the watch standers. When
the ship is underway, the engineer officer writes
the night orders and has them delivered to central
control station (CCS) on the 2000 to 2400
watch.

LOGS AND RECORDS

You will be required to maintain various
engineering logs and records. The Engineering
Log and the Engineer’s Bell Book or Automatic
Bell Log are the only legal documents 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
or Automatic Bell Log is alegal document of any
engine order regarding a change in the movement
of the propeller(s). Any other logs and records
that you may be required to maintain, such as
equipment operating logs, are not normally
considered legal documents.

Engineering Log

You will use the Engineering Log, NAV SEA
3120/2B (fig. 2-1), and the Engineering Log-
Continuation, NAVSEA 3120/2C (fig. 2-2), to
record important daily events and data pertain-
ing to the engineering department and the opera-
tion of the engineering plant. The log has spaces
for you to record equipment in operation; ship’'s
draft and displacement; liquid load in gallons and
percent; the name of the ship, the date, and the

ENGINEERING LOG-CONTINUATION

977 EDITION
NAVBEA 3120/2C (REV. 10-81) /N O116-LFQI.2120 15 OBSOLETE

CLASSIFICATION

TIME RECORD OF ALL OF EVENTS OF THE DAY JD” IW’”” LV“‘“
S e e WVJ
M‘%\WW“.—._

PAGE
NO

CLASSIFICATION

(Leave back side blank)

W U.5. Government Printing Oftice: 1984—708-013

Figure 2-2—Engineering Log-Continuation Sheet, NAVSEA 3120/2C.



location or route of the ship; and remarks (2) in chapter 10 of U.S. Navy Regulations, (3)

chronicling important events. in chapter 090 of Naval Ships Technical Manual,
Entries made in the Engineering Log must and (4) in directives from the type commander.
follow instructions given (1) on the Engineering Remarks written in the Engineering Log
Log-Instructions, NAV SEA 3120/2D (fig. 2-3), must include (1) personnel casualties (injuries),
ENGINEERING LOG-INSTRUCTIONS 677 EDITIOA)
NAVSEA 3120720 (REV. 10-81) S/N 0116-LF-031-2125 1S OBSOLETE FOR OFFICIAL USE ONLY

ENGINEERING LOG INSTRUCTIONS FOR ALL SURFACE SHIPS

Instructions For Keeping The
Engineering Log - Titie Page, Form NAVSEA 3120/2A (Rev. 10-81j;
Engineering Log. Form NAVSEA 3120/28 (Rev. 10-81); Engineering
Log - Continuation, Form NAVSEA 3120/2C {Rev. 10-81); Engineering
Log - Instructions, Form NAVSEA 3120/2D (Rev. 10-81)

(For All Surface Ships)

1 The Engineering Log shall be maintained n accordance with
Art 0724 ot Nawy Reguiations. and Section 423 of OPNAVINST
3120 32A It shall be neatly written in pen or pencil The
poiginal writing 1s the fegal record and must be preserved It s
not desired that the log be recopied axcept whan one or more
pages are sent away from the ship A reproduced copy will
then be used

2 if the information (n the sheet s classified, Hill in the
classification of the log sheet at the top and bottom n the
spaces provided (For example Classified by OPNAVINST 3063
Review By 1 Mar 1992)

3 Fil out the data cover sheet, form NAVSEA 3120/2A

a Page numbering shail be completed with the number on
the last page of the |ast day of the month

b Examined and approved signatures are completed at the
end of the month

4 Comptete the log All unused blanks shall be crassed out Do
not erase All errors shall be hined out. inihialed, and dated by
the person making the onginal entry

& Fiit in the heading Fl in the total miles traveled at the
end of the day
b Fill In the equipment status section This section must be

completed on the first page of each day only Continuation
sheets will be used when required

{1) Main engines - Enter engines which are tn use (If &
single engine ship. enter number one |

{2) Plant status - Enter spht ‘cross-connected/ cold
won/auxihary - modified man, etc

(3) Boiters - Enter boiiers which are or. the line

(4) Generators - Enter SSTG/SSDG which are on the line
and in paraliel operation. eg. 1and 2. 4 and6, -, ----

{5} Steering engines combination - Enter both unit (motor)
and cable

{6) Enter the number of days out of dry dock

{7} Enter catapults which are operating and from which
spaces sach (s being provided with steam, 6 g . 1/2. 274 3,2,
43

(8) Enter the number of days since the last huli cleanming

{9) Enter the draft readings when n port When underway.
enter the percentage of hquid load (in gatlons), fuel (including
sircraft «f applicable) and water (including ballast and hist
control H apphicable) Then caiculate the dratt from the percent
of fuil load. which shali include ammunition and food

{10) Major equipment out of commision (O0C)- Enter
engines boilers SSTG/SSDG. emergency generators. steering
gear and combinations of major auxiliary equipment which
cause main machinary to be 0OC e g. # 1A and B lube ol
service pumps. or # 2A and B FDB. etc The intent of this
section is to list only those components which affect the overall
operation of the ship by placing 3 hmitation on the performance
or fiexibility of the ship If space s not sutficient to make at!
aniries they shall be continued in the section 'RECORD OF
EVENTS OF THE DAY

¢ Examined daily and ceriitied 1o be correct This section
shall be examinad, verifrad as correct and signed by the
Engineering Otficer at the end of each day

d Page numbers-Pages shall be numbered consecutively
with the first day of each month numbered page one The back
of each page shall be left blank

8 Record the avents of the day

(1} Remarks shall be entared by watch or days as
spphicable

(2} The remarks shall be a chronological iisting of 1he day's
evgnlis each of which shall be writien at the ume of
occurrence The following s 8 complete lisung of all
requirements ganerated by the chain of command above the
Type Commander tevel !t Type Commanders desire tc (increase
the recording requirements. Bn instruction shali be published in
the 3100 series including 8ll addinhonal requiremants

(8] Personat casuaities

{b) Equipment casuallies

{c) Shithing of major equipment

(d] Changing to and from maneuvaring combinations

(e) Beginning and ending majar evolutions-General
Quanters. refuaiing. entening port. elc

{1} Change in catapult status {CV only)
ig) Shihing lube ail strainers

(h) Opening and inspecting Main engines. generators
and boilers and any changes made there:n
{) Setung safeues on boilers

(j) Disposition and changes i principal suxiianes which
atfect main machinery operation

5 The Engineering Log may be destroyed 3 years afier the date of
the last entry When a chip s stricken current logs must be
forwarded to the nearest Records Management Center

FOR OFFICIAL USE ONLY

Figure 2-3—Engineering Log-Instructions, NAVSEA 3120/2D.
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(2) eguipment casualties, (3) changes in equipment
status, (4) changing to or from maneuvering
combinations, and (5) such other matters as
specified by competent authority. Y ou must write
each entry at the time the event occurred. Use
standard Navy phraseology, and write each
entry as a complete statement.

Type commanders may increase the recording
requirements. Instructions on these increased
requirements will be published by written
directives from the type commanders.

The origina Engineering Log, prepared neatly
in black ink or pencil, is the legal record. The
engineering officer of the watch (EOOW) (under

way) or the engineering duty officer (EDO) (in
port) will prepare and sign the remarks. Y ou may
not make erasures in the log. Make corrections
with a single line drawn through the original entry
so that it remains legible. Then write the correct
entry. Only the person required to sign the log for
that watch can make corrections, additions, or
changes, and that person must initial the margin
of the page.

The engineer officer reviews the log daily for
completeness and accuracy and signs it in
the space provided. The commanding officer
approves and signs the Engineering Log-Title
Page, NAV SEA 3120/2A (fig. 2-4), on the last

ENGINEERING LOG-TITLE PAGE
NAVSEA 3120724 (REV. 10-31) $/N 0115.LF31-2110
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Figure 2-4—Engineering Log-Title Page, NAVSEA 3120/2A.
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calendar day of each month and on the day he
relinquishes command.

The ship maintains completed Engineering
Log sheets in aring or post binder and retains
them on board for 3 years. Personnel making
entries in the Engineering Log number the pages
consecutively. A new series of page numbers
commences on the first day of each month.

Engineer’s Bell Book

The Engineer's Bell Book, NAVSHIPS
3120/1, shown in figure 2-5, is a record of all
orders received by the station in control of the
throttles regarding a change in the movement of
the propellers. The throttle operator (or assistant)
makes entries as soon as he receives an order. An
assistant may make entries when the ship isin a
special maneuvering situation that may call for

numerous or rapid speed changes. This alows the
throttle operator to give complete attention to
answering the bells.

All entries made in the Engineer’s Bell Book
must follow the Instructions for Keeping the
Engineer’s Bell Log, NAVSEA 3120/l (8-85). It
is maintained in the following manner:

1. Use a separate bell sheet for each shaft each
day. When a station controls more than one shaft,
use the same sheet for all shafts controlled by that
station.

2. Record the time the order was received in
column 1 (fig. 2-5).

3. Record the order received in column 2.
Record minor speed changes by entering the
revolutions per minute (rpm) or pitch change

ENGINEER'S BELL BOOK  ALL VESSELS
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fAecord of ol * BELLS. " SIGNALS. snd ORDERS d regarding 1 of propeliers this date. .
En rogte from _ % .. ___ Chlocks set back or ahesd hes. min. st
KB 21 [ = _l ;owﬂn [ ™ @ Y ol I 2 X 13 ‘ c:
TmME SGNAL RPM o TME SIGNAL RPM S eer TME SIGNAL RPM .
g 2 RER i 29 33 38 ‘ 8 7" 23 28 9. 32 33 .38 8 ) 24 2B 29 3 12 3¢
“ 5
1
| L
-
| |
—_— I SR
| U B | R - L -
— e
— T — - .
i !
| i
\ T
| ; {
T
| ;
—_— JI ]L
R R B
|

SN 0118.LF-031-2001

Figure 2-5.—Engineer’s Bell Book, NAVSHIPS 3120/1.
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ordered. Record major speed changes using the
following symbols:

1/3—ahead 1/3 speed
2/3—ahead 2/3 speed
|—ahead standard speed
[1—ahead full speed
IIl—ahead flank speed
Z—stop
B1/3—back 1/3 speed
B2/3—back 2/3 speed
BF—back full speed
BEM—back emergency speed

4. Enter the rpm corresponding to the major
speed change ordered in column 3. When the
order is aminor speed change of rpm only, make
no entry in column 2.

5. Record the pitch set in feet (FFG-7 class)
or percent (DD-963/DDG-993/CG-47 classes) in
column 4.

Before going off watch, the throttle operator
and the EOOW sign the log on the two lines
following the last entry. The next watch continues
the record.

When control is at the ship control console
(SCC) on the bridge, bridge personnel maintain
the Engineer’s Bell Book; when control is at the
central control station (CCS), the CCS personnel
maintain the Engineer’s Bell Book. Engine-room
personnel maintain the Engineer’s Bell Book if
throttle control is maintained in the engine room.

You cannot make alterations or erasures in the
Engineer’s Bell Book. Correct errors in the
Engineer’s Bell Book in the same manner as the
Engineering Log, by drawing a single line through
the incorrect entry and recording the correct
entry on the following line. The EOOW, officer
of the deck (OOD), or watch supervisor, as
appropriate, will initial corrected entries.

Automatic Bell Log

On DD-963, DD-993, and CG-47 class ships,
the automatic bell logger printout (Automatic Bell
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Log) is also a legal record. At the end of each
watch, the EOOW signs the automatic printouts
in the same manner as the Engineer’s Bell Book.
When the automatic bell logger and/or the data
logger are in operation, al bells are automatically
logged. Unless specified by local instructions, you
are not required to maintain a bell book on the
DD-963, DD-993, and CC-47 class ships.

Equipment Operating Logs

Watch standers are required to maintain a
variety of handwritten machinery logs. Each
command prepares its own logs. They cover
equipment designated by the type commanders,
sguadron commanders, and your own command.
Items generally covered include waste heat boilers
(WHBS), gas turbine generators (GTGs), air
compressors, reduction gears, and line shaft
bearings (LSBs). As each command has different
requirements, the list of logs maintained will vary.

All equipment operating logs have high- and
low-limit set points printed for each reading. The
person maintaining the logs circles in red al out-
of-limits readings. Entries in the remarks section
of the logs note the reason for the out-of-limits
condition and the action taken to correct the
condition. At the end of each watch, the EOOW
should review and initial al of the logs maintained
on his watch.

PROGRAMS

Engineering petty officers are normally
responsible for a myriad of administrative
programs. Y ou will use these programs to manage
and record inspections, tests, maintenance, safety,
liquid systems, and repairs. No one program is
more important than another, but some require
more time and paper work. You must keep on
top of each one of these programs to have a
successful administrative organization.

The administrative programs include safety
programs, equipment maintenance and repair
programs, and management programs. Some of
the programs we discuss may overlap into two or
three areas. For our purposes, we will discuss
them in their major group.

Safety Program

The objective of the Navy’s Safety Program
isto enhance operational readiness by reducing
the frequency and severity of on- and off-duty
mishaps to personnel and the cost of material and



property damage attributed to accidental causes.
The use of the term Safety Program in this chapter
signifies both occupational safety and health.

Operating personnel must be thoroughly
familiar with the technical manuals and other
publications concerning equipment under their
care. Operating personnel must continuously
exercise good judgment and employ common
sense in the preparation, setting-up, and operation
of all engines to prevent damage to the engines
and injury to personnel.

Personnel can prevent damage to machinery
by properly preparing and operating the equip-
ment; by following instructions and procedures
outlined in the EOSS (which is discussed in the
last section of this chapter); by observing
cleanliness in handling all parts of the engine,
lubricating oils, and fuel oils, and by being
completely familiar with al parts and functions
of the machinery.

You can prevent damage to the ship by
operating the machinery so no loss of power
occurs at an inopportune time, by keeping engines
ready for service in any emergency, and by
preventing hazardous conditions that may cause
fire or explosion. Always maintain fire-fighting
equipment in a “ready to use” state.

You can prevent injury to personnel by
having a thorough knowledge of duties, by
knowing how to properly handle tools and operate
equipment, by observing normal precautions
around moving parts, and by receiving constant
training.

Other everyday safety habits that you should
follow include (1) maintaining clean fuel, air,
coolants, lubricants, and operating spaces; (2)
preventing the accumulation of oil in the bilges
or other pockets or foundations and subbases; (3)
taking care, particularly when on an uneven keel,
that water in the bilges does not reach electrical
machinery or wiring; and (4) ensuring that safety
guards are provided at exposed danger points.

SPECIFIC GASTURBINE SAFETY PRE-
CAUTIONS—In the interest of personnel and
machinery safety, you must adhere to the follow-
ing safety precautions specifically related to the
gas turbine:

1. Do not attempt to operate equipment by
overriding automatic shutdown or warning
devices.

2. Disconnect batteries or other sources of
electrical power before performing maintenance.
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This prevents injuries from short circuits and
accidental cranking of engines.

3. Avoid holding or touching spark plugs,
ignition units, or high-tension leads while they are
energized.

4. When turning an engine by hand, use
standard safety procedures to prevent injuries to
fingers or hands.

5. Retain adequate speed control of the
power turbine (PT) by keeping the fuel control
and speed control governors connected. When
operating or starting an engine, do not, under any
circumstances, disconnect the governors.

6. Do not use oxygen to pressure test fuel
lines and equipment.

7. Do not use compressed air to spin ball or
roller bearings after cleaning them.

8. Take precautions to avoid inhaling vapors
of lacquer thinner, trichlorethylene, and similar
solvents.

9. Avoid changes to the high-speed stop on
the fuel control and adjustments to the speed con-
trol governors. If you have to make adjustments,
follow the appropriate technical manual
procedure.

10. Follow the appropriate guides in the
NAV SEA technical manuals for making periodic
inspections and testing the safety control circuits
and automatic shutdown devices.

11. Do not wear jewelry and watches while
working on GTEs.

12. Take precautions to avoid touching
exposed hot parts of the engine. Do not perform
maintenance work until the engine has been shut
down and cooled.

13. To protect against personnel or fire
hazards, ensure that al therma insulation and/or
shields are intact and sound.

14. If afalse start occurs, aways purge the
engine using the EOSS procedure. Thisis very
important and cannot be overemphasi zed.

15. Make certain that the combustor drains
operate freely. Do not allow fuel to accumulate
in the combustion chamber prior to light-off.
Later firing could cause a hot start.

16. Wear proper ear protection in the engine
room while GTES are in operation.

17. Ensure al ducting permits free flow. Air
intake and exhaust openings must allow un-
restricted flow of the gas. The performance of gas
turbines drops off quite rapidly with increased
duct losses.



18. Always test overspeed trips and governor ELECTRICAL SAFETY.—The prevention
mechanisms by following instructions in the of accidents is possible. It is your job to
manufacturers’ technical manuals. Never test the  recognize unsafe conditions and correct them.
overspeed trip by manually overriding the speed  Observing safety precautions helps keep your
control governor. When the overspeed trip does equipment operating, helps your career in the
not function properly, no overspeed protection Navy, and possibly determines whether or not you
exists. survive.

It takes one minute to write a safety rule

One hour to hold a safety meeting

One week to plan a safety program

One month to put a plan into operation

One year to win a safety award

BUT it takes just one second to destroy
all this with a mishap.

DON'T GET
TURNED ON

CBS GS 587
Now S -
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Think safety. No person is safer than the most Manual, chapters 300 and 400; OPNAVINST
careless act performed. Sefety is stressed in 3120.32, Sandard Organization and Regulations
numerous places throughout this training manual. of the U.S. Navy (SORM); and OPNAYV-

For a more complete reference of detailed safety INST 5100.19. Safetv Precadti
precautions, refer to Naval Ships' Technical Afloat. ’ Y lons for Forces

Electricity packs a

A GOOD THING
TO KEEP IN MIND

iUSING

DANGEROUS
WITH
YOUR HAND

Check for...
WORN LOOSE
OR OR GROUND
OEFECTIVE wORN WIRE
INSULATION CONNECTION CONNECTION

Figure 2-6.—Safety posters.
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Electrical Hazards and Precautions—You conscious. Warning signs (red) and caution signs
must recognize hazardous electrical conditions (yellow) located where hazardous conditions
and take immediate steps to correct them. Safety exist help promote safety.

posters (figs. 2-6 and 2-7) help warn of dangers The danger of shock from the 450-volt alter-
in working areas or help remind you to be safety  nating current (ac) ship’s service system is well

ALL SHOOK UP 2

\ \%\@ 4 S ‘
[éensn than| «

L invented

» v
kaorscr =

@ Replace guoard %‘/ . ~

@ Cut the power before repairing (A///)%

Figure 2-7.—Safety posters.

r‘
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recognized by operating personnel in the fleet.
This is shown by the relatively few reports of
serious electrical shock received from this voltage,
despite its widespread use. However, a number
of shipboard fatalities have been reported due to
contact with 115-volt circuits. Low-voltage (115
volts and below) circuits are very dangerous and
can cause death. This is most likely to occur when
the resistance of the body is lowered by moisture
and especialy when current passes through or
across the chest. Extra care and awareness of the
hazards associated with normal shipboard
conditions must be emphasized. Perspiration
and/or damp clothing result in a decrease in the
resistance of the human body. Low body
resistance along with the ship’s metal structure are
the breeding grounds for severe electrical shock.

Accidentally placing or dropping a metal tool,
arule, a flashlight case, or any other conducting
article across an energized line can cause a short
circuit. The arc and fire that may result on even
relatively low-voltage circuits can cause extensive
damage to equipment and serious injury to
personnel.

Since the ship’s service power distribution
systems are designed to be ungrounded, many
personnel believe it is safe to touch one
conductor since no electrical current flows. This
is not true. If one conductor of an ungrounded
system is touched while the body isin contact with
the ship’s hull or other metal equipment enclosure,
afatal electric current may pass through the body.
TREAT ALL ELECTRIC CIRCUITS AS
HAZARDOUS. Where working conditions
warrant it, wear appropriate protective clothing.

Make it a habit to look for and correct
defective tools and eguipment, improper ground-
ing, and rotating machinery hazards.

Hand Tools.—Normally, you should have no
problems when working with hand tools. It is
entirely possible that you have seen some
dangerous practices in the use of hand tools that
should have been avoided. One unsafe practice
involves the use of tools with plastic or wooden
handles that are cracked, chipped, splintered,
broken, or otherwise unserviceable. Using such
tools will probably result in accidents and personal
injuries, such as cuts, bruises, and foreign objects
being thrown in the eyes. If unserviceable hand
tools are not repairable, discard and replace them.
For further instructions on the safe use of hand
tools, refer to chapter 3 of this TRAMAN and
Use and Care of Hand Tools and Measuring Tools,
NAVEDTRA 12085.

Portable Electric Power Tools—Portable
power tools should be clean, properly oiled, and

2-14

in good repair. Before using them, inspect them
to see that they are properly grounded. Plug a tool
equipped with a three-prong plug only in a three-
hole electrical receptacle. Never remove the third
prong. Make absolutely sure the tool is equipped
with a properly grounded conductor. If the tool
has a metal case, be sure to ground it following
chapter 300 of Naval Ships' Technical Manual.
The newer, double-insulated plastic-framed tools
do NOT have ground wires and have only a two-
prong plug.

Observe all safety precautions when operating
any portable electric equipment. Wear rubber
gloves whenever plugging into or unplugging
from any 115-volt circuit or under particularly
hazardous conditions. Some of these conditions
include environments such as wet decks, bilge
areas, or when working over the side of the ship
in rafts or small boats.

Before using any portable electrical equip-
ment, visually examine the attached cable with
plug (including extension cords, when used).
Tears, chafing, exposed insulated conductors, and
damaged plugs are causes for cable or plug
replacement. Where PMS is installed, conduct
tests following instructions on the maintenance
reguirement cards (MRCs).

Other safe practices in the use of portable
electric power tools include the following:

® Before using the tool, lay all portable
cables so you and others cannot trip over them.
Normally, the length of extension cords used with
portable tools will not exceed 25 feet. Extension
cords of 100 feet are authorized on flight and
hangar deck areas only. Extension cords of 100
feet are also found in damage control lockers, but
are labeled for Emergency Use Only.

e Do not use jury-rigged extension cords that
have metal “handy boxes’ for receptacle ends of
the cord. All extension cords must have noncon-
ductive plugs and receptacle housings.

e Do not unplug a cord by yanking on it.

e When making electrical connections,
always start at the load and work back
to the source. When disconnecting electrical
connections, start at the source and work toward
the load.

@ Stow thetool inits assigned place after you
are through using it.

RESCUE AND FIRST AID FOR ELECTRIC
SHOCK.—Your job is risky even under the best
working conditions. Despite the fact that accidents
are preventable, you run a good chance of



getting shocked, burned, and being exposed to one
or more hazards. If you are at the scene of an
accident, you will be expected to assist the victim
as quickly as possible.

When a victim is rendered unconscious
by electric shock, you should start artificial
resuscitation as soon as possible. The only logical
permissible delay is that time required to free the
victim from contact with the electricity in the
quickest, safest way. This step must be done with
great care, otherwise there may be two victims
rather than one.

If contact is with a portable electric tool, light,
appliance, equipment, or portable extension cord,
turn off the bulkhead supply switch or remove
the plug from its bulkhead receptacle.
Clearly warn other persons arriving at the scene
not to touch the suspected equipment until it is
unplugged. Y ou should seek aid to unplug the
device as soon as possible.

Where avictim isin contact with stationary
equipment, such as a bus bar or electrical
connections, pull the victim free if the equipment
cannot be quickly de-energized, or if the ship’s
operations or survival prevent immediate securing
of the circuits. To save time in pulling the victim
free, improvise a protective insulation for your-
self. For example, instead of hunting for a pair of
rubber glovesto use in grasping the victim, you
can safely pull the victim free by using your belt
aline, or awooden cane. During the rescue, do not alow any
part of your body to directly touch the hull, metal
structure, furniture, or victim’s skin.

After removing a victim of electric shock from
contact with the electricity, he or she may need
first aid, cardiopulmonary resuscitation (CPR),
or closed-chest cardiac massage. We are not
going to discuss these various procedures in this
manual. Your ship’s corpsman will teach them to
you during the annual electrical safety lecture
aboard ship.

Equipment Tag-Out Program

An effective tag-out program is necessary
because of the complexity of modern ships as well
as the cost, delay, and hazard to personnel that
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could result from the improper operation of
equipment. The purpose of the equipment tag-out
program is to provide a procedure to prevent im-
proper operation when a component, equipment,
system, or portion of a system isisolated or in
an abnormal condition. This procedure should
also be used when other safety devices, such as
blank flanges, are installed for testing,
maintenance, or casualty isolation.

The use of DANGER or CAUTION tagsis
not a substitute for other safety measures, such as
locking valves, pulling fuses, or racking out circuit
breakers. Tags applied to valves, switches, or
other components should indicate restrictions on
operation of systems or equipment, or restrictions
necessary to avoid damage to safety devices.
Never use tags for identification purposes.

The procedures in this program are mandatory
to standardize tag-out procedures used by all ships
and repair activities. The program also provides
a procedure for use when an instrument is unreli-
able or is not in normal operating condition. It is
similar to the tag-out procedure except that labels
instead of tags are used to indicate instrument
status. The tag-out program must be enforced
during normal operations as well as during
construction, testing, repair, or maintenance.
Strict enforcement of tag-out procedures is
required by both you and any repair activity that
may be working on your equipment.

RESPONSIBILITY.—The commanding offi-
cer is responsible for the safety of the entire
command. It is the duty of the commanding of -
ficer to ensure that all personnel know all
applicable safety precautions and procedures and
to ensure compliance with the program. The
engineer officer is responsible to the commanding
officer for ensuring that personnel assigned to the
engineering department understand and comply
with this program.

When repairs are done by a repair activity, a
dual responsibility exists for the safety of the
repair personnel to ensure that conditions are safe
for all work being done. The ship tended is re-
sponsible for and controls the tag-out program on
the systems that require work. The repair activity
isresponsible for ensuring compliance with the
program.

PROCEDURES.—When you identify the
need to tag out a piece of equipment or a system,
you must get permission from an authorizing
officer. The authorizing officer for the engineer-
ing department will be the EOOW while under
way or the EDO while in port. If the system or
eguipment tagged is placed out of commission,



the authorizing officer must get permission
from the engineer officer and the commanding
officer. When permission has been received, the
authorizing officer then directs you to prepare the
tag-out record sheet and tags.

Normally, the petty officer in charge of the
work fills out and signs the record sheet and
prepares the tags. The record sheet is filled out
for a stated purpose. All tags for that purpose are
normally listed on one record sheet. Each sheet
is assigned alog serial number. All tags associated
with it are given the same log serial number and
a sequential number is entered on the record sheet.
For example, tag E107-4 is the fourth tag issued
on the record sheet with the log serial number 107
for engineering.

The record sheet includes reference to any
documents that apply-such as PMS, technical
manuals, and other instructions, the reason
for the tag-out, the hazards involved, any
amplifying instructions, and the work necessary
to clear the tags. Use enough tags to completely
isolate the system or circuit being worked on to
prevent operation from any and all stations that
could exercise control. Indicate the location and
condition of the tagged item by the simplest means
(for example, FOS-11A, closed).

When the tags and record sheets are filled out,
a second person must make an independent check
of the tag coverage.

When attaching the tags, you must ensure that
the item is in the position or condition indicated

e

SYSTEM/COMPONENT/IDENTIFICATION

DATE/TIME

SIGNATURE OF PERSON ATTACHING TAG

SIGNATURE OF PERSON CHECKING TAG

CAUTION

DO NOT OPERATE THIS EQUIPMENT UNTIL
SPECIAL INSTRUCTIONS ON REVERSE SIDE ARE
THOROUGHLY UNDERSTOOD.

SERIAL No.

SIGNATURE OF AUTHORIZING OFFICER lSlGNATUﬁE OF REPAIR ACTIVITY REPRESENTATIVE

AN

NAVSHIPS 9890:5 (REV

1 {FRONTIIFORMERLY NAVSHIPS 9890)

BLACK LETTERING ON YELLOW TAG
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NAVSHIPS 3890/3% (REV

Figure 2-8—Caution tag (colored yellow).
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on the tag. As you attach each tag, you then must
sign the tag and initial the record sheet. After al
tags are attached, a second qualified person
ensures the items are in the position and
condition indicated, verifies proper tag placement,
signs the tags, and initials the record sheet.

TYPES OF TAGS—The following is alist of
the various tags and the applications required to
be used from time to time.

Caution Tag—A YELLOW tag (fig. 2-8) is
used as a precautionary measure to provide
temporary specia instructions or to indicate that
unusual caution must be exercised to operate

equipment. These instructions must give the
specific reason that the tag was installed. The use
of such phrases as DO NOT OPERATE
WITHOUT EOOW PERMISSION is not
appropriate since equipment or systems are not
operated unless permission has been granted by
responsible authority. A CAUTION tag is NOT
used any time personnel or equipment can be
endangered while performing evolutions using
normal operating procedures, a DANGER tag is
used in this case.

Danger Tag—A RED tag (fig. 2-9) is used to
prohibit the operation of equipment that could

e

SYSTEM/COMPONENT/IDENTIFICATION

DATR/TIME

POSITION OR CONDITION OF ITEM TAQGSED

DANGER

DO NOT OPERATE

SIGMATURE OF PERSON ATTACHING TAG

SIGNATURKS OF PEASONS CHECKING TAG

SERIAL NO.

SIGNATURE OF AUTHORIZING OFFICER

SIGNATURE OF REPAIR ACTIVITY REFRESENTATIVE

NAVENIPS 5880/8 (REV. ) (FRONT)(FORMERLY NAVEMIPS $000)

S/N 01084410000

BLACK LETTERING ON RED TAG

\

IZED PERSON.

DANGER

DO NOT OPERATE

OPERATION OF THIS EQUIPMENT WILL
ENDANGER PERSONNEL OR HARM THE
EQUIPMENT. THIS EQUIPMENT SHALL
NOT BE OPERATED UNTIL THIS TAG
HAS BEEN REMOVED BY AN AUTHOR-

NAVEMIPE §090/8 (REV,

NHBACK)

Figure 2-9.—Danger tag (colored red).
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jeopardize the safety of personnel or endanger
equipment. Under no circumstances should equip-
ment be operated when tagged with DANGER

tags.

Out-Of-Calibration Labels—ORANGE
labels (fig. 2-10) are used to identify instruments
that are out of calibration and may not work
properly, This label indicates the instrument may
be used for system operation only with extreme
caution.

Out-Of-Commission Labels—RED labels
(fig. 2-11) are used to identify instruments that
do not work properly because they are defective
or isolated from the system. This indicates the
instrument cannot be relied on and must be
repaired and recalibrated, or be reconnected to
the system before use.

ENFORCEMENT. —The tag-out log is kept
in a designated space, usualy CCS. Supervisory
watch standers review the log during watch relief.
Active tag-outs are spot checked periodicaly to
ensure tag integrity is being maintained.

An audit of the tag-out log is conducted by
the EDO every 2 weeks while in port, prior to
getting under way, and weekly if in the yards or
at a maintenance availability. Results of the audit
are reported to the engineer officer.

To ensure that tag-out procedures are enforced
properly, the engineer officer checks the log
frequently. If he notes any errors, he brings them
to the attention of the proper personnel.

Personnel Protection Programs

In this section we will discuss three areas that
are of great concern to you as a watch stander.
These are heat stress, noise pollution, and
handling hazardous materials.

OUT OF CALIBRATION
SERIAL NO. DATE

AUTHORIZED BY/ %QNCURRENCE
TIME

TAG BY
ERROR

Figure 2-10.—Out-of-calibration label (colored orange).
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OUT OF COMMISSION

SERIAL NO. DATE
AUTHORIZED BY/%QNCURRENCE
TAG BY TIME

Figure 2-11.—Out-of-commission label (colored red).

HEAT STRESS.—While working in hot
environments or during strenuous physical work
in cool as well as hot ambient conditions,
personnel are apt to suffer heat disorders. The
results are loss of time from duty and possible
death. Many of these illnesses result in prolonged
or permanent impairment of the affected person’s
ability to withstand heat. Unacclimatized and
overweight personnel are particularly susceptible
to heatstroke and other heat disorders.

Because of these hazards, exposure of
personnel to extended periods of strenuous
physical work in spaces of high ambient
temperature must conform with NAVMED
P-5052-5.

NOISE POLLUTION.—Control of noise
emission is an important aspect of pollution
control. Noise above certain sound levels can
cause a wide variety of unwanted effects on
personnel, ranging from discomfort and anxiety
to illness and deafness. Because of these hazards,
exposure of personnel to high sound levels must
conform with OPNAVINST 5100.23.

Noise levels generated from GTEs are on the
order of 100 to 125 decibels (db). These levels are
enough to cause partial or total deafness to
unprotected personnel. Three primary noise
sources exist in a gas turbine installation. They
are (1) the inlet passages, (2) the exhaust ducts,
and (3) the engine core.

Noise from the inlet passages and exhaust
ducts can be controlled by the installation of
acoustic insulation to the structure. Noise from
the engine core is controlled by the module
surrounding the engine. To prevent negation of
the soundproofing characteristics of structural
insulation, the insulation must be constantly main-
tained at a high degree of repair.

Personnel working in an environment where
the noise level is greater than 84 db must wear
approved hearing protection. If you must be in



an area where the noise level is greater than 104
db (such as running checks on a gas turbine
module (GTM) with the module door open), you
must wear double hearing protection -earplugs
and earmuff protectors.

HANDLING HAZARDOUS MATE-
RIAL .—Because of the high rotational speeds and
high temperatures generated by GTESs, petroleum-
based oils are not suitable for use. Most of to-
day’s GTEs use synthetic-based oils containing
polyesters. These oils are usualy less viscous than
those used in reciprocating engines.

The synthetic oil in general use aboard gas
turbine ships is MIL-L-23699. You must use
special precautions and handling procedures
because these oils can remove paint and are toxic.
When handling synthetic oils, you must avoid
spills. Prolonged contact with the oil can cause
skin irritations, such as dermatitis. Inhalation of
vapors can cause irritation of the respiratory tract.
When working with this oil, you should always
wear aface shield, rubber gloves, and an apron.
If you do come in contact with synthetic oil,
remove any oil-soaked clothing and wash with
soap and water. If you have oil splashed into your
eyes, immediately flush them with water and seek
medical attention.

Fluid Management Program

In this section, we will discuss the receipt,
transfer, stowage, and discharge of lube oils. The
flammable liquid management program, the
analysis of petroleum test results, and the
corrective action required for abnormal conditions
will also be discussed. You will find that
knowledge of fluid management is useful in your
day-to-day evolutions and essential to meeting
your watch-stander qualifications as oil king. For
more specific details and procedures, refer to
Naval Ships Technical Manual, chapters 262 and
541.

LUBE OIL.—Proper lubrication is vital to the
operation of all shipboard machinery. In the
following paragraphs we will describe lube oil
quality control, the handling of new lube oils and
hydraulic fluids (including synthetic oils), and the
prevention and clean-up of oil spills.

Quality Control.—Each batch of lubricant
must be tested, as required by the specifications
in effect at the time the batch enters the supply
system. Samples of the oils stored in the supply
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system must be taken periodicaly to ensure
product quality. When NAV SEA receives reports
of lubricant difficulties, it takes immediate steps
to determine the problem by testing used and
unused lubricant samples and by investigating
equipment malfunctions. In this manner, product
quality is being maintained and is upgraded when
necessary.

Care of New Lube Oil.—Upon receiving new
lube oil on board ship, and immediately before
placing the oil in the storage tanks, you must
thoroughly test it using the procedures specified
in Naval Ships Technical Manual, chapter 262.
Be certain that the proper grade has been delivered
and that the oil meets all physical and chemical
properties described in the procurement specifica-
tion. New lube oil should be delivered to ships
in a clear and bright condition. If the new oil does
not meet the procurement specification, it may
have deteriorated or have been contaminated
during storage or handling. Shore laboratory
testing is required to determine usability.

New oil is delivered to ships either in bulk by
tank trucks or as packaged products in drums,
pails, or cans. Before off-loading or handling
MIL-L-17331 (2190 TEP) tank truck deliveries,
sample the oil and visually check all truck
compartments. Shore laboratory testing may be
required to determine usability. Check for intact
seals on commercial trucks and verify delivery
documents. If oil quality or quantity is question-
able, do not take the oil on board until the
problem is resolved with the activity personnel
responsible for the delivery. When delivery is by
Navy trucks, it should include a laboratory test
report of the lube oil quality. Ensure that the truck
hose is connected to the correct ship manifold.
Upon completion of delivery, sound the lube ail
tanks and verify all quantities with the truck meter
readings.

Packaged lubricating oil is normally sealed and
the containers are marked to identify the content.
Do not use the ail if the container markings are
not clear. Fifty-five gallon drums are fitted with
cap sedls on the bungs. If these seals are missing
or damaged, do not use the oil until the quality
can be verified by shore laboratory analysis. When
initially opening a new drum and pail, take a thief
sample and visually inspect it for quality. If the
sample is contaminated or appears abnormal,
isolate the container and do not use until the
quality can be established. If other containers
show similar quality problems, submit a defective
material report (NAVSUPINST 4440.120). Before



using packaged lube oil, you should filter it
through a 60-mesh or finer screen. Do not pour
oil directly from drums or cans into the operating
equipment. Before introducing new or renovated
oil into the circulating systems or storage tanks,
pass it through an operating centrifugal purifier
to remove contaminants.

You will have to maintain specimens of
satisfactory oil in properly labeled and corked
glass containers. Upon receiving a new supply of
oil, take samples for comparison with the
specimens of the same brand to make certain that
the correct oil has been received. Every oil has
definite general characteristics, such as color,
odor, and specific gravity, that an experienced
engineer may recognize. These specimens are also
useful in checking for darkening of in-use ails.

Precautions Against Oil Spills—Any planned
industrial process, operation, or product must
integrate the prevention of environmental
pollution. The preferred method of abatement
and control of environmental pollution is at the
source of the pollutants.

You should know the potential sources of ail
spills and oil waste that may cause pollution if
proper procedures are not carried out. The follow-
ing is alist of common sources of oil and oily
waste that find their way into the water:

1. Spillage during fueling, defueling, and
internal transfer operations

2. Leskage through hull structure into bilges

E. Stripping from the contaminated oil settling
tan

4. Ballast water from fuel tanks of non-
compensated fuel systems or bulk carriers

5. Ballast water from compensated fuel tank
systems during refueling, defueling, and interna
transfer operations

6. Tank cleaning operations

7. Leakage and drainage from equipment and
systems

8. Contaminated oil from centrifugal purifiers

9. Used oil from equipment during an oil
change

Before any fueling, defueling, or interna
transfer operation is started, ensure that all
machinery and piping systems have been checked
for tightness and signs of leaking glands, seals,
and gaskets. When changing oil or adding oil to
machinery, take care not to spill the oil into the
bilge. Have a drip pan and rags ready for use if
needed. Keep a close watch when centrifugal
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purifiers are in operation to make sure they do
not lose the water seal and dump the ail into the
bilge or the contaminated oil tank. During tank
cleaning operations, pump all oily waste from the
tank into the sludge barge.

Since control of shipboard oil pollution is
complicated by the many and varied sources of
oily waste, ships have oil pollution control
systems. These systems serveto

1. reduce oily waste generation,

2. store waste oil and oily waste,

3. monitor oil and oily waste,

4. transfer or off-load waste oil and oily waste
to shore facilities, and

5. process oily waste.

It is the responsibility of the training officers
to ensure that formal training is provided to key
personnel responsible for maintaining and
operating pollution control equipment.

Reporting and Clean-Up of Oil Spills—All
oil spills and dlicks or sheens within the 50-mile
prohibited zone of the United States must be
reported immediately in following the provisions
of OPNAVINST 5090.1. Ships have been given
the capability to provide immediate and remedial
action until relieved by shore-based response units
or, in the case of non-Navy or foreign ports, to
clean up the entire spill. Shore-based units are
seldom available in non-Navy or foreign ports.

A cleanup kit has been developed for use by
ships crews. A description of the kit and instruc-
tions for its use will be found in the U.S. Navy
Oil Spill Containment and Cleanup Kit, Mark I,
NAVSEA 0994-L P-013-6010. This manual in-
cludes safety precautions applicable to the use of
the kit, as well as the recommended shipboard
allowance. The Navy training film MN-11316
documents and demonstrates the use of the kit
on an actua spill. Many times quick reaction by
atrained crew can result in the containment of,
and often in the collection of, the entire spill
without the assistance of shore-based personnel.

F-76 FUEL OIL (NAVY DISTILLATE).—
Fuel system management involves procedures
related to the receipt of fuel and the maintenance
of the fuel system equipment. In addition, it
involves those procedures that limit the discharge
of fuel into the water. Under this topic, we will
discuss genera requirements for receipt, storage,
testing, and tank stripping of F-76 fuel. For more



specific information, refer to Naval Ships
Technical Manual, chapter 541.

Receiving Fuel —Just before replenishment,
tanks that were ballasted must be tested for water
contamination and stripped as necessary. At the
beginning, midpoint, and end of replenishment,
as a minimum, draw a fuel sample from a test
connection and test for bottom sediment and
water (BS&W). The maximum allowable BS&W
of an acceptable replenishment sample is 0.1 per-
cent. You may use a “clear and bright” ap-
pearance during fueling as a secondary indication
of acceptable fuel quality pending BS&W deter-
mination. You may accept only fuels conform-
ing to MIL-F-16884G (F-76) or, as an aternate,
MIL-5624 (JP-5 and F-44). When fueling from
NATO sources, you can accept F-75 fuel as an
acceptable substitute. F-44 is the NATO designa
tion for JP-5, and F-75 is the NATO designation
for fuel that has a lower pour point than F-76.
Lighter colored fuels, in general, tend to have less
sediment (particulate matter) than darker fuels.
They present a lesser filtration burden. Test non-
compensated storage tanks for water contamina-
tion 24 hours after filling and strip as necessary.

Service Tank Replenishment.—You must test
nonseawater-compensated fuel storage tanks
(from which the service or auxiliary service tank
is to be replenished) for water contamination.
Before beginning fuel transfer, strip the tanks as
necessary. Sample the centrifugal purifier
discharge and visually test it 5 minutes after in-
itiation of transfer, and every 30 minutes
thereafter. An acceptable sampleisone visualy
determined to be clear and bright. When a sam-
ple fails to meet the clear and bright criteria, this
indicates a need for tank inspection and/or
purifier cleaning.

Recirculate the service tank using the
centrifugal purifier for the maximum time
available, but no less than 3 hours, or for as many
hours as required to recirculate the contents of
the service tank. Recirculation reduces the amount
of solid contaminants in the fuel.

Fuel contaminants may be less dense, more
dense, or as dense as the fuel itself. As aresult,
one pass through the purifier may remove as much
as 50 percent of the incoming contaminants or as
little as 10 percent. Multiple passes can eventually
remove as much as 90 percent of the total
contaminants or at least reduce the level to below
that required for engine use. Reducing the level
of contamination in the fuel service tank can aso
result in areduction in the usage of coalescer and
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separator elements and of prefilter elements if they
are used. Ensure that the centrifugal purifier bowl
is clean. Otherwise, the recirculation will be of
little value.

Before placing the standby (or auxiliary)
service tank in use, test the tank bottom for water
contamination and strip as necessary. Recirculate
the propulsion service tank using the centrifugal
purifier for the maximum time available.

Sample the filter/separator discharge and test
it 5 minutes after a service tank is placed on
suction and at least once every 4 hours during
system operation. An acceptable sample contains
sediment less than 2.64 milligrams per liter (mg/l)
and free water less than 40 parts per million
(ppm). Failure of the filter/separator to achieve
the required fuel quality indicates either the need
for coalescer element replacement or insufficient
service tank recirculation.

Tank Stripping.—At the earliest opportunity,
the ship’s force must determine (and record) the
height of the stripping tail pipe terminus relative
to the tank bottom. Stripping of noncompensated
tanks is conducted when the water level exceeds
the height of the stripping tail pipe. Use a thief
sample, water-indicating paste, or a tank stripping
sample to determine the water level. Terminate
stripping when the water level falls below the
stripping tail pipe terminus. This is evidenced by
tank bottom testing or when the stripping pump
discharge sample does not indicate significant free
water.

You must test noncompensated fuel tanks,
fuel gravity feed tanks, fuel head tanks, and JP-5
emergency head tank bottoms weekly for the
presence of water. Strip them as necessary. In
addition, strip these tanks before fuel receipt,
transfer, or service.

F-44 FUEL OIL (JP-5).—In this section we
will discuss the genera procedures for receiving,
stripping tanks, and testing of F-44 fuel. As a
GSE3 or GSM3, you will be involved in one or
more of the above procedures on a daily basis.
Y ou will note that testing requirements for JP-5
fuel differ somewhat from those of F-76 fuel.
While the test equipments used in propulsion fuels
are the same, the procedures and criteria are
different. The sampling procedures and time
requirements also differ.



Receiving JP-5 Fuel.—Before and during
receipt of JP-5 fuel, take samples in containers
that permit visible inspection of the fuel. The
criteria for the acceptance or rejection of JP-5 fuel
is as follows:

1. A clear, clean sample indicates acceptable
JP-5 fuel is being received.

2. If the sample is cloudy, stop the replenish-
ment operation until the source of the cloud is
determined by observing the sample.

e If the cloud disappears at the bottom,
air is present and the JP-5 fuel is acceptable.

e If the cloud disappears at the top, water
is present. In this event, fleet oilers will begin
proper stripping and will usually correct cloudiness
caused by large amounts of free water.

e |If the cloud does not begin clearing in
5 minutes, heat the sample to about 25° above
the temperature of the fuel in the tank from which
the sample was taken. If the sample clears, the
cloud was due only to dissolved water and the
JP-5 is acceptable. If the sample does not clear,
excessive water is present and you should accept
the JP-5 fuel only in an emergency.

3. If the sample contains excessive solid con-
tamination, accept the JP-5 only in an emergency.
To make JP-5 that contains excessive amounts of
water and/or solids acceptable for aircraft use,
you can use the following methods:

e Extend the settling time.
@ Meticuoudly strip the tank.

@ Properly use and maintain the cen-
trifugal purifier and the filter/separators in the
transfer system and the main service system.

Stripping Procedures—You should continue
stripping JP-5 tanks until a sample from the
stripping pump outlet indicates al sediment and
water in the tanks has been removed. A visual
sample is sufficient for storage tank stripping.
However, under certain circumstances, you must
test service tanks using an free water detector and
contaminated fuel detector. For detailed information on
requirements for stripping of storage and service tanks, refer
to Naval Ships' Technical Manual, chapter 542.

Testing JP-5 Fuel.—Testing of JP-5 fuel is
done at an approved testing laboratory and also
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aboard ship. Personnel must take samples for off-
ship tests monthly or as ordered if operating conditions per-
mit. Take samples from the following locations:

1. The service filter discharge
2. One nozzle per quadrant

Take samples from the service system filter
and fueling station nozzles after the system has
been recirculated for at least 2 minutes. Ensure
the fuel samples are typical of the fuel delivered
to the aircraft. Take samples during aircraft fuel-
ing operations.

You must use glass containers of 1 quart
minimum size. Ensure the inner cap seal does not
contain paraffin, corrosive metal, or other
material liable to contaminate fuel. The containers
should have noncorrosive, noncontaminating caps
to eliminate false or misleading laboratory
message reports that could require disruption of
fueling from a satisfactory filter.

Thoroughly clean and dry the containers.
Inspect them for cleanliness before use. Before
sampling JP-5 fuel, rinse the clean container and
flush it several times with the fuel being sampled.
Then fill it, leaving about a I/2-inch space for
expansion. Cap and mark the glass container
immediately. Mark the glass sample container to
include all of the following items:

1. Heading: Aviation Fuel Sample

2. ldentification of the ship submitting the
sample (name and hull number).

3. The fueling station number or service
filter/seperator discharge sampled.

4. The type of fuel.

5. The date the sample is drawn.

6. The name of the person drawing the
sample.

7. Laboratory instructions: Test for sediment,
flash point, and corrosion (if ap-
plicable). Notify the ship by message if the
sediment contamination exceeds 2.0mg/1, if flash
point is below 136°F (57.8°C) or if FSII isless than
0.03 percent. The message should specifyitems 3, 4, and
6, aswell asthe sample results. A follow-up routine
report of the test results for all samples submitted is requested.

8. Resamples of reported contaminated
samples must include the following markings:
Resample, request immediate analysis, and the
message report.

9. On specia samples, outline suspected problems
and symptoms.



You must ensure the minimum amount of
time possible elapses between sampling and receipt
of the report of laboratory analysis. Ships have
to use the test results to ensure clean fuel. Schedule
routine and monthly sampling for optimum
use of available transportation to fuel laboratory
locations. Take samples immediately before enter-
ing port while the ship’s aviation fuel systemis
in normal operating condition. Deliver the
samples by the quickest means possible to the
nearest fuel laboratory. For detailed information
on the sampling and testing requirements of JP-5
fuel, refer to Naval Ships Technical Manual,
chapter 542.

BOILER WATER/FEEDWATER.—On
ships with WHBSs, you may be responsible for
testing and treating the WHB with various
chemicals to maintain the boiler water within
prescribed limits. To be certified for boiler-water
and feedwater testing, you must attend school,
pass the course, and be certified by your ship’s
commanding officer as being qualified. In this
section we will not attempt to go into detail as
to each individual test and requirement, but we
will discuss the reasons for treating the WHB and
your responsibilities for the necessary tests and
administration.

Shipboard Water Cycle—The overal ship-
board water cycle is a closed system in which feed-
water is fed to the boiler, the water is heated to
generate steam, the steam does work, and it is then
condensed and returned to the feedwater system.
Water for the cycle is obtained from seawater,
which istaken into a distiller and evaporated to
produce distillate. The distillate is stored in reserve
feedwater tanks until needed as makeup feed.
When needed to replace system losses, it is
pumped to the system. It is then pumped to the
deaerating feed tank (DFT), if the ship is so
equipped, where oxygen and other gases are
removed. This deaerated water, now called feed-
water, is pumped to the boiler where heat is
applied. The boiler water is converted to steam,
and then it is used to operate auxiliary egquipment
and provide heat energy to different parts of the
ship. When most of the heat energy has been
removed, the steam is condensed in the condenser.
Then it is ready to be recycled once again.

Because the cycle is continuous and closed, the
same water remains in the system except for
nonrecoverable losses, such as boiler blowdowns,
laundry presses, and miscellaneous leaks. Makeup
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feedwater is required to compensate for these
system losses.

Although the shipboard water cycle is
continuous, different terminology is used to
describe the water at different points. These
distinctions are necessary because water quality
standards vary throughout the system. The
following terms identify the water at various
points:

1. Didtillate—The evaporated water that is
discharged from the ship’s distilling plant. The
distillate is stored in the feedwater tanks which
are designated as the on-line feed tank and reserve
feed tank by the chief engineer.

2. Feedwater—The term used to designate the
water stored in the feed tanks.

3. Boiler water—The feedwater becomes
boiler water as it enters the boiler and boiler tubes.

4. Condensate—After the steam has done its
work, it isreturned to itsliquid state by cooling
in a condenser. The condenser is a heat exchanger
in which seawater cools the steam and returnsiit
to liquid form. It is then returned to the feed tank.

Contamination. —Boilers cannot be operated
safely and efficiently without careful attention to,
and control of, feedwater and boiler water quality.
With proper control of water chemistry, proper
plant operation, and proper lay-up during idle
periods, boilers should last the life of the ship with
no need to renew boiler tubes. If water conditions
are not controlled within allowable limits, rapid
deterioration of waterside surfaces, scale forma
tion, and carry-over will occur. This leads to
serious boiler casualties. Because boilers concen-
trate all feedwater contaminants as steam is
generated, boiler water quality and reliable boiler
operation depend directly upon control of feed-
water quality.

Because of ship operations, propulsion
systems use water from two sources, seawater and
shore water. For boiler operations, these waters
are considered contaminated due to various
chemicals in them. These chemicals can cause
serious boiler failures because of chemical
reactions within the boiler. Some of the effects
of contamination of boiler water and feedwater
are as follows:

1. pH (acidic and caustic corrosion)-Failure
to maintain a correct pH balance can cause
corrosion. Excessive acidity causes the film on the
boiler tube metal to dissolve, resulting in corrosion
of the inner tubes of the boiler. Excessive



alkalinity can cause caustic corrosion, which can
cause damage as severe as acidic corrosion.

2. Hardness-Calcium and magnesium are
the major hardness constituents and primary
sources of scale in boilers. The major source of
scale is shore water. Scale deposits act as
insulators and reduce heat transfer across a
surface. Deposits on the boiler tubes will cause
the temperature of the metal to increase until
overheating, metal softening, blistering, and
failure occur.

3. Dissolved oxygen (pitting)-When dis-
solved oxygen enters the boiler water, it causes
localized corrosion and pitting of tube metal.

4. Chloride (pitting corrosion)-Excessive
chloride readings indicate seawater contamina-
tion. Chloride dissolves the protective layer on
boiler metal and pitting corrosion instead of
general corrosion results.

The boiler cannot be operated safely and
efficiently without careful attention to, and
control of, feedwater and boiler water.

Waste Heat Boiler Treatment.—The require-
ments for treating and maintaining WHBs are
contained in Naval Ships' Technical Manual,
chapter 220. To maintain the WHB, you will need
to perform the required tests on the boiler water,
feedwater, and shore water. The WHBs are
treated by two methods, continuous injection
and/or the batch feed method. Normally, the
preferred method is continuous injection. If this
method fails, you can use the batch feed method.

The boilers are treated with trisodium
phosphate (TSP) and disodium phosphate (DSP).
The TSP provides akalinity and phosphate. The
DSP provides additional phosphate without
sgnificantly affecting the akalinity.

Testing of the WHB for akalinity, phosphate,
and chloride is at the following frequencies:

1. Within 30 minutes after the generator
is started

2. Within 1 hour before beginning blowdowns

3. Thirty to 60 minutes after blowdowns

4. As often as required to maintain the limits,
but at least every 8 hours (maximum of
8 hours between samples)

5. Thirty to 60 minutes after batch chemical
treatment

6. Within 1 1/2 hours before the generator is
secured
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7. Whenever unusual conditions exist as
determined by the EOOW or EDO

If an emergency should arise and it becomes
necessary to use shore source feedwater not
meeting the requirements for feedwater, sample
and test the boiler water hourly. Then treat it
accordingly. Hourly testing followed by required
treatment must continue until the distilling plants
are producing the required quality water and the
distillate can be used as makeup.

Handling and Safety of Treatment Chem-
icals.—When handling the TSP or caustic soda,
you must wear aface shield, rubber gloves, and
arubber apron. Concentrated solutions of these
chemicals are corrosive and will cause burns to
the skin, eyes, and body tissue. If you get TSP,
caustic soda, or their solutions anywhere on your
body, flush the area with cold water. Obtain
immediate medical attention if it enters your eyes.

Ensure the safety dispensing bottle is marked
and used for boiler-water treatment chemicals
only. The safety dispensing bottle is made from
linear polyethylene, which has a maximum use
temperature of 176°F. As the TSP and DSP
dissolve, they generate heat. Water temperature
will increase slightly. Do not use hot water to
dissolve the chemicals. This may cause the safety
dispensing bottle to exceed its temperature use
limits.

You can add TSP to water or vice versa
without difficulty. You should always add DSP
to water because DSP tends to cake if water is
poured over it.

Physical Security Program

Physical security involves the security of the
engineering plant to ensure unauthorized entry
into unoccupied space and unauthorized tamper-
ing with engineering equipment does not occur.
Basically, physical security entails the installation
and use of security devices (locks and locking pins)
to prevent unauthorized personnel from altering
the configuration of the engineering plant. This
could include preventing engineering personnel
from using fluids without reporting their use. It
could also prevent anyone from sabotaging the
plant. Specific instructions on the management
of the physical security program are contained in
the EDORM.

The physical security program should be
designed with common sense and accountability
in mind. If something is to be locked, the keys



should only be issued to persons who have
a need to use them. A program that gives
everyone access to everything is ineffective.
Some method must be maintained to allow
duty section personnel access to keys, when
necessary. Methods for this include watch key
rings, duty engineer keys, and an engineering key
locker.

The reduction gear covers are aso included
in physical security. The keys for these high-
security locks are held by the chief engineer.
Since no opening of areduction gear is alowed
without his approval, he should be the only
person allowed to have these keys. For more
information on reduction gear security, refer to
the Naval Ships' Technical Manual, Chapter 241,
“Propulsion Reduction Gears, Couplings, and
Associated Components.”

Environmental Quality

All Navy personnel are responsible for finding
ways to reduce pollution of our land, air, and
water. You can do your part by strictly complying
with U.S. Navy regulations and instructions. For
more detailed information concerning pollution
abatement, refer to the Environmental and
Natural Resources Manual, OPNAVINST 5090.1.

Gauge Calibration

Calibration of shipboard gauges and meters
is essential to ensure proper operation of complex
engineering equipment. Calibration is normally
done by specidly trained personnel. Most of this
calibration is scheduled under 3-M Systems
scheduling. Use standard 3-M forms to request
outside assistance from the readiness support
group (RSG) in your homeport for this calibra-
tion. For detailed information on the gauge
calibration program, refer to the Naval Ships
Technical Manual, Chapter 491, “Electrical
Measuring and Testing Equipment,” and Chapter
504, “Pressure, Temperature, and Other
Mechanical and Electromechanical Measuring
Instruments.”

Valve Maintenance

Each ship in the Navy depends on the integrity
of its valves to prevent flooding, to correctly
secure systems, and to ensure proper management
of liquid systems. Since a ship has numerous
piping systems with many vaves, a method
to ensure proper valve maintenance is needed.
The 3-M Systems includes maintenance on
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many valves, but it does not have complete
shipwide system valve coverage. A sound
valve maintenance program can ensure proper
maintenance of all shipboard valves.

When starting an effective valve maintenance,
personnel must verify al vavesin apiping system.
To accomplish this, they must use a variety of
resources. These include EOSS drawings, ship’s
prints, and damage control plates. After alistis
developed, you will be responsible for checking
it against the actual ship’s piping to determine the
condition of each valve and ensure each valve is
actually in place. Maintenance workers assigned
to this task should not change the status of any
valve. This is to ensure that they do not
inadvertently change the status of the engineering
plant. Periodic valve maintenance ensures that
valves are packed properly, lubricated, painted
correctly (for example, no paint on threads or
stem), have the correct type and color coding of handwheel
installed, and have identification tags installed.
Check all valves with locking devices to ensure
the locks are in place, adequate, and intact.

Supervisors of the valve maintenance program
generate and maintain local forms to keep a
record of valve maintenance. Most of the
maintenance can be scheduled during underway
periods; however, you should ensure that proper
tag-out procedures are followed. For additional
information on valve maintenance, refer to
OPNAVINST 3540.5.2.

PERSONNEL QUALIFICATION
STANDARDS

The PQS documents describe the knowledge
and skills a trainee must have to perform certain
duties. They speed up the learning progress since
each person knows exactly what information to
obtain to prepare for qualifying in increasingly
complex duties. They individualize learning so
each person may take advantage of opportunities
to learn on the job. They place the responsibilities
for learning on the trainee and encourage self-
achievement. They offer a means for the super-
visor to check individual speed and performance
by providing a convenient record of accomplish-
ment.

Since the PQS have been assembled by groups
of experienced officers and petty officers, they
attempt to represent the guidance that would be
furnished if each person had an individual
instructor throughout each step.

Every PQS is designed to support advance-
ment in rating requirements as stated in the



Navy Enlisted Manpower and Personnel
Classifications and Occupational Standards,
NAVPERS 18068-E.

Every PQS document contains the following
sections:

Introduction

Glossary of Qualification Standard Terms
Table of Contents

100 series-Fundamentals

200 series-Systems

300 series-Watch Standing

N ouhwdE

Bibliography
Feedback Forms

MAIN SPACE FIRE DOCTRINE

The Main Space Fire Doctrine is a ship-
generated instruction that promulgates policy,
implements procedures, and assigns responsi-
bilities for action in the combatting of main space
fires. According to this instruction, main space
fires can be combatted with installed Halon 1301
systems, installed aqueous film-forming foam
(AFFF), portable fire-fighting equipment, EOSS,
underway and in-port fire parties, and repair
parties. The procedures contained in this
instruction are to be followed by al personnel for
conditions specified, such as in-port cold iron,
auxiliary steaming, and under way.

ENGINEERING OPERATIONAL
SEQUENCING SYSTEM

The Navy has developed a system known as
the EOSS. Essentialy, the EOSS is to the operator
as the PMS is to the maintainer.

Main propulsion plants in ships of today’s
modern Navy are becoming more technically
complex as each new class of ship is built and joins
the fleet. Increased complexity requires increased
engineering skills for proper operation. Ships that
lack the required experienced personnel have
had material casualties. These casualties have
jeopardized their operational readiness. Rapid
turnover of engineering personnel who man and
operate the ships further compounds the problem
of developing and maintaining a high level of
operator and operating efficiency.

The Navy has been increasingly aware of these
problems. Studies have been done to evauate the
methods and procedures presently used in
operating complex engineering plants. The results
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of these studies have shown that in many instances
sound operating techniques were not followed.
Some of the circumstances found to be prevailing
in engineering plants are as follows:

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

e The bulk of the publications were not
systems oriented. Reporting engineering personnel
had to learn specific operating procedures from
“old hands’ presently assigned. Such practices
could ultimately lead to misinformation or
degradation of the transferred information. These
practices were costly and resulted in nonstandard
operating procedures, not only between adjoining
spaces, but also between watch sections within the
same space.

@ Posted operating instructions often did not
apply to the installed equipment. They were
conflicting or incorrect. No procedures were
provided 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
vaues. They did not include aternatives between
all the existing modes of operation.

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

The EOSS is designed to improve the
operational readiness of the ship’s engineering
plant. It does this by increasing its operational
efficiency and providing better engineering plant
control. It also reduces operational casualties
and extends the equipment life. These objectives
are accomplished first by defining the levels
of control; second, by operating within the
engineering plant; and last, by providing each
supervisor and operator with the information
needed. This is done by putting these objectives



in words they can understand at their watch
station.

The EOSS is composed of three basic parts.
® The User’'s Guide

® The engineering operational procedures
(EOP

® The engineering operational casualty
control (EOCC)

EOSS User’s Guide

The User’s Guide is a booklet that explains
the EOSS package and how it is used to the ship’s
best advantage. It contains document samples
and explains how they are used. It provides
recommendations for training the ship’s personnel
using the specified procedures.

The EOSS documentation is developed using
work-study techniques. All existing methods and
procedures for plant operation and casualty
control procedures are documented. These include
the actual ship procedures as well as those
procedures contained in available reference
SOurces.

Each action is subjected to a critical
examination to evaluate the adequacy of the
present procedures. At the completion of
this analytic phase, new procedural steps are
developed into an operational sequencing system.
Step-by-step, time-sequenced procedures, and
configuration diagrams are prepared to show
the plant layout in relation to operational
components. The final step in the development
phase of an EOSS is a validation on board ship.
This is done to ensure technical accuracy and
adequacy of the prepared sequencing system. All
required corrections are made. They are then
incorporated into the package before installation
aboard ship.

The resulting sequencing system provides
the best taillored operating and engineering
operational casualty control procedures avail-
able pertaining to a particular ship’s propulsion
plant, Each level is provided with the information
required to enable the engineering plant to
respond to any demands placed upon it.
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Engineering Operational Procedures

The operational portion of the EOSS, the
EOP, has al the information necessary for the
proper operation of a ship’s engineering plant. It
also has guides for scheduling, controlling, and
directing plant evolutions through operational
modes. This includes receiving shore services, to
various modes of in-port auxiliary plant steam-
ing, to underway steaming.

The EOP documentation is prepared for
specifically defined operational stages. These are
defined as stages I, 11, and Il1.

Stage | deals with the total engineering plant
under the direct responsibility of the plant super-
visor (EOOW). The EOOW coordinates the plac-
ing in operation and securing of all systems and
components normally controlled by the various
space supervisors. This person also supervises
those functions that affect conditions internal to
the engineering plant, such as jacking, testing, and
spinning main engines. The EOP documentation
assists the plant supervisor to ensure optimum
plant operating efficiency, proper sequencing of
events in each operational evolution, and the
training of newly assigned personnel. During a
plant evolution, the EOOW designates control
and operation of the following systems and
components:

@ Systems that interconnect one or more
engineering plant machinery spaces and electrical
systems.

® Maor components, such as main engines,
and electrical generators.

® Systems and components required to
support the engineering plant or other ship
functions, such as distilling plants, air com-
pressors, fire pumps, and auxiliaries. These may
be placed in operation or secured in response to
demand upon their services.

To assist the plant supervisor with these opera-
tions, the EOP section provides the following
documents:

@ lIndex pages listing each document in the
stage | station by identification number and
title.



e Plant status diagrams (fig. 2-12) providing
a systematic display of the mgor systems and
cross-connect valves as well as a graphic
presentation of the major equipment in each
machinery space. These diagrams are used to
maintain a current plot of systems' alignment and
equipment operating status.

@ A diagram for plant steaming conditions
versus optimum generator combinations. This
diagram delineates the preferred electric power

THE £00W USES A GREASE PENCIL AND THIS
LEGEND TO MAINTAIN A CURRENT PLOT OF
THE PLANT STATUS.

generator combinations for the various plant
operating conditions. This diagram is also
provided in the stage Il electrical documenta-
tion.

@ System alignment diagrams delineating the
preferred initial and final alignment for each
engineering plant.

@ A diagram for equipment versus speed
requirement delineating the equipment normally

required for various ship speeds.
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Figure 2-12.—Sample plant status diagram.
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e A diagram for shore services connection
locations. This diagram delineates the location of
shore service connections for steam, electrical
power, feedwater, potable water, firemain, and
fuel oil.

e Training diagrams (fig. 2-13) delineating
each major piping system to aid in plant
familiarization and training of newly assigned
personnel. These diagrams indicate the relative
locations of lines, valves, and equipment.

Stage |1 deals with the system component level
under supervision of the space supervisor in each
engine room (ER) and auxiliary machinery room
(AMR), and the electric plant control console
(EPCC) operator (EPCC watch). In stage I1, the
space supervisor accomplishes the tasks delegated
by the plant supervisor. The EOP documentation
assists the space supervisor in properly sequencing
events, controlling the operation of equipment,
maintaining an up-to-date status of the opera-
tional condition of the equipment assigned, and

SIMPLIFIED P{PING DIAGRAMS ARE PRQVIDED FOR EACH
MAJOR SYSTEM IN THE PROPULSION PLANT OF THE
SPECIFIC SHIP. THE DIAGRAMS PROVIDE READY
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training newly assigned personnel. To assist
the space supervisor in the effort, the EOP
section provides the following stage |1 documents:

@ Index pages listing each document by
identification number and title for each specified
operating group, such as ER, AMR, or electrical
system.

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

® Space status board providing a schematic
of maor systems and a tabular listing of the
major equipment within the individual machinery
spaces for maintaining a plot of system alignments
and equipment operating status. This board is
similar in configuration to the casualty control
board for the stage | documentation shown in
figure 2-14.

eDiagram for electrical plant status
delineating generators, switchboards, and
shorepower connections within the electrical
distribution systems. This diagram is provided in

FR 148 AF T ENGINE ROOM Frae

AT FIE ROOM aF"~ F3 00 Fwl

both the electrical operating group and in the stage
| (EOOW) documentation for maintaining a plot
of the system alignment.

@ Diagram for plant steaming conditions
versus optimum generator combinations provided
in the electrical operating group documentation.
This specifies the preferred electric power
generator combination. This diagram is the same
as that provided in the stage | documentation.

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

Stage 111 deals with the system component
level under the supervision of component
operators. The component operators place equip-
ment in and out of operation, align systems, and
monitor and control their operation. This is done
by manipulating required valves, switches, and
controls. Stage IlIl documents include the
following:

® Index pages listing each document by
identification number and title for each specified
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system, such as the fuel-oil service system and the
lube oil service system.

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

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

e Alignment diagrams (fig. 2-15) amplifying
the written procedure to assist the component
operator in proper systems alignment. Alignment

DESCRIPTION OF SPECIFIC DIAGRAM, OPERATIONAL
DIAGRAM 1S PROVIDED WHEN NECESSARY TO CLARIFY REFERENCE IDENTIFIER

OPERATIONAL PROCEDURE SET FORTH IN A
SYSTEM PROCEDURE CARD.

COMPONENT/

DIAGRAM FOR ALIGNING DISTRIBUTION SYSTEM ELA
]
SHIPESERVICE
Sw(TCHGE AR
GROUP 1§
A
T T T TSNP SERVICE SECTION 1A 1 e ! € =
T SNIPLSERVICE SECTION (S8 ]
LIA ™ 55 / \1 o ~ \
NORMAL 7 IR T*ﬁ.ﬁ_.: 7 T -2 o} 1 T JALTERNATE
SUPPLY | SR o OISC Sw _ |suePLy TO
70 swao X 2L Jszara ! I pEESL oo swBD  2E
'E\\q ) | | h
( } I I
—l-z-- ! b | i ¢ ! S avie
! » I i »
| )sze ) ; ¢ M | | @ | | )suz |
i { ' | !
! ) ! @ )iz.ﬂ | Lo i } EmeR ‘
: | | | j SWBD
) | EMER ! } 1 r ————— ‘?E
;| sweo ! L | ’ s2-2€ f
N T A R S X MER —~ :
. P S . I’ T0 SHORE POWER ! ! @"’/\7 4 |
32-1F CONNECTIONS | !
| —. v U | (scoamp4oo ! | 1
o 1 1
[ ol | L{—__A:wf__ L——-~--: . |
(I R J BUS TIE X Vsz2a2 .
| »o St
. )52“ . TO SHORE POWER ! |
. CONNECTION | |
, (800 AMP) | '
! NN AR
| SHIPS SERVICE 2 1

SWITCHGE AR

;

! ! ! |

. GENY GROUP 25§ ! GENY

i 24/, / | 28 /|
oo (S R W | L

NORMAL SUPPLY
-
TO Sw80D 2E

® INTERLOCK CIRCUIT BREAKERS

3 ~ TV
t | |
i ! [
1
)szsz )sz-2a ! ‘ Ysasroz )3z:28 a2 !
| 1 !
{F 3} ! (5 53— l J \
MSERYICE SECTION 254 _ U - smie SEAviCE secTion 258
Is -

CODE

PAGE OF

[DENTIFIER FOR CATALOGING
AND DOCUMENT CONTROL.

SIMPLIFIED SCHEMATIC OF SPECIFIC SYSTEM
UNDER CONSIDERATION. COMPONENT IS NUMBERED
TO FACILITATE SYSTEM ALIGNMENT BY. CPERATOR
AS HE REFERS TO THE RELATED PROCEDURE

CARD.

Figure 2-15.—Sample component/system alignment diagram.

2-31



diagrams are provided whenever two or more
alignment conditions exist for a given system or
component.

The operational use of EOP documentation is
of primary importance at al levels in controlling,
supervising, and operating the engineering plant.

Engineering Operational Casualty Control

The engineering operational casualty control
(EOCC) is the casualty control portion of the
EOSS. It contains information relevant to the
recognition of casualty symptoms and their
probable causes and effects. Also, it has
information on actions taken to prevent a
casualty. It specifies procedures for controlling
single- and multiple-source casualties.

Casualty prevention must be the concern of
everyone on board. Proper training of all
personnel must provide an adequate knowledge
and experience in effective casualty prevention.
The EOCC manual has efficient, technically
correct casualty control and prevention pro-
cedures. These procedures relate to al phases of
an engineering plant. The EOCC documents
possible casualties that may be caused by human
error, material failure, or battle. The EOCC
manual describes proven methods for the control
of a casualty. It also provides information for
prevention of further damage to the component,
the system, or the engineering plant.

The EOCC manuals (books) are available at
each watch station for self-indoctrination. The
manuals contain documentation to assist engineer-
ing personnel in developing and maintaining
maximum proficiency in controlling casualties to
the ship’s propulsion plant.

Proficiency in EOCC procedures is maintained
through a well-administered training program.
Primary training concentrates on the control of
single-source casualties. These are casualties that
may be attributed to the failure or malfunction
of a single component or the failure of piping at
a specific point in a system. Advanced training
concentrates on the control of multiple casualties
or on conducting a battle problem. An effective,
well-administered watch-stander training program
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will contain, as a minimum, the following
elements:

@ Recognition of the symptoms
e Probable causes
o Probable effects

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

An EOSS package is not intended to be
forgotten once it is developed and installed aboard
a ship. It offers many advantages to the ship’s
operational readiness capabilities and provides
detailed step-by-step sequencing of events for all
phases of the engineering plant operation. Because
it iswork studied and system oriented, the EOSS
provides the basic information for the optimum
use of equipment and systems. It does this 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 EOSSis a
tool for better use of manpower and skills
available. Although the EOSS is an excellent tool
for shipboard training of personnel, it is primarily
aworking system for scheduling, controlling, and
directing plant operations and casualty control
procedures.

SUMMARY

The information you studied in this chapter
has provided you with a general knowledge of the
publications, maintenance records, logs, and
programs that you will use in your day-to-day
routine aboard ship. We have strived to present
an overview of amagjority of the administrative
functions of a GSE3 or GSM3. All of these areas
are important in their own right. Some of the
subjects will be discussed in greater detail in later
chapters. In this chapter we referred you to other
publications that will give you a more in-depth
explanation of the material covered. You should
study them to become a more proficient and
reliable technician.



CHAPTER 3

TOOLS AND TEST EQUIPMENT

As a third class GSE or GSM, you will be
working with different types of hand tools and
testing equipment. Your responsibilities include
the routine maintenance of the equipment in your
engineering spaces. After reading this chapter, you
should be able to describe some of the devices you
may use during your maintenance procedures. The
devices discussed in this chapter are not all the
tools and equipment that a GS3 might use. For
further information, refer to Use and Care of Hand Tools
and Measuring Tools, NAVEDTRA 12085, and the Navy
Electricity and Electronics Training Series
(NEETS), modules 1, 3, and 16. To determine the
specific device recommended for each procedure,
refer to the appropriate manufacturers’ technical
manuals, the Naval Ships Technical Manual,
and/or other information books.

HAND TOOLS

Everyone has used a hand tool at one time or
another for some type of job. The types of hand

tools described in the following sections are some
that you might use, but with which you possibly
are not familiar.

WIRE-TWISTER PLIERS

Wire-twister pliers (fig. 3-1) are three-way
pliers that hold, twist, and cut. They are designed
to reduce the time used in twisting safety wire on
nuts and bolts. To operate them, grasp the wire
between the two diagonal jaws, and then use your
thumb to bring the locking sleeve into place.
When you pull on the knob, the twister twirls and
makes uniform twists in the wire. Y ou can push
back the spiral rod into the twister without
unlocking it. Then another pull on the knob will
give a tighter twist to the wire. A squeeze on
the handle unlocks the twister. Now you can
cut the wire to the desired length with the side cut-
ter. Occasionally, lubricate the spiral of the
twister.

Figure 3-1—Wire-twister pliers.

3-1



RH TWIST

LH TWIST

THESE VIEWS SHOW METHODS FOR WIR
ING VARIOUS STANDARD ITEMS NOTE:
WIRE MAY BE WRAPPED OVER THE UNIT
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WRAPPED OVER THE UNIT ON TAPER HEAD

8OLTS

view 8

CORRECT METHOD FOR WIRING
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view 10
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Figure 3-2.—Safety-wiring practices.
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LUG

293.5

Figure 3-3—Safety-wiring electrical connectors.

Figures 3-2 and 3-3 show examples of safety-
wiring techniques that you should follow. The
figures do not show all possible safety-wiring
combinations; however, safety-wiring practices
should conform to those shown. Consult specific
manufacturers’ technical manuals for approved
materials and techniques to use in any given
application. You will find step-by-step procedures
for safety-wiring in Propulsion Gas Turbine
Module LM2500, Trouble Isolation, volume 2,
part 3, S9234-AD-MMO-050/LM2500, section
8.1

WRENCHES

While performing your maintenance pro-
cedures, you will use a variety of wrenches. This
section is about the recommended wrenches you
need to be familiar with while working on the gas
turbine engine (GTE). You will also learn
about wrenches and hand tools that are not
recommended for use on the GTE.

Recommended Wrenches

The only hand tools you should use on GTEs
are chrome-plated, nickel-plated, or unplated
hand tools. The CROWFOOT wrench (fig. 3-4,
view A) is a very handy tool to use for
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wi

FLARE NUT WRENCH

A B

C TORQUE ADAPTER WRENCH

Figure 3-4.—Crowfoot, flare nut, and torque adapter
wrenches.

maintenance procedures. Y ou can use it to gain
accessibility to hard to reach areas where other
wrenches are difficult to use. The head of
the wrench is designed like an open-end
wrench. However, the other end is designed to
accommodate accessories, such as extensions,
breaker bars, and torque wrenches. Crowfoot
wrenches come in awide variety of sizes like those
of the open-end type of wrenches.



The FLARE NUT wrench (fig. 3-4, view B)
is similar to a box wrench. The difference is a slot
cut in the wrench head which alows it to fit over
tubing or wiring and then onto the fastener. There
are two types of this wrench you might use on
your ship. The first type is long handled, similar
to the regular box wrench, with a different size
on each end. The second type is short. The other
end is designed to accommodate accessories, such
as extensions, breaker bars, and torque wrenches.
These flare nut wrenches are made with 6, 8, 12,
and 16 points or notches. The wrenches on your
ship will generally be 12 points because of the
numerous 12-point fasteners used on the GTE.
You can aso use the 12-point wrench effectively
on 6-point (hex head) fasteners. As with the
crowfoot wrenches, the flare nut wrenches come
in awide variety of sizes.

The TORQUE ADAPTER wrench (fig. 3-4,
view C) issimilar to a box wrench. The other end
is designed to accommodate accessories, such as
extensions, breaker bars, and torque wrenches.
They are used to reach nuts and bolts that arein
hard to reach locations.

Nonrecommended Wrenches
and Hand Tools

The adjustable wrench and cadmium-plated
or silver-plated tools are NOT recommended for
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Figure 3.5—Types of common taps.

3-4

you to use while working on GTES. Y ou might,
however, use them elsewhere for maintenance.

The ADJUSTABLE wrench is useful because
it will fit nuts and bolts that are odd-sized or
dlightly damaged or burred. BUT, good engineer-
ing practice dictates that you use the proper size
wrench for the work you are doing. Parts on the
GTEs are made of high-quality materials and are
standard sizes. Because of the design of the
adjustable wrench, it could cause extensive
damage to the GTE. If it dlips, gouging and/or
scratching could occur. Do not use apart if itis
damaged in any way.

DO NOT use CADMIUM-PLATED or
SILVER-PLATED hand tools when working on
titanium parts of GTEs. If you use these hand
tools, you could cause particles of cadmium or
silver to become imbedded in the titanium parts.
At temperatures above 600°F, the cadmium or
silver can cause embrittlement. This results in
overstressed areas and possible cracking. To
prevent this, use chrome-plated, nickel-plated, or
unplated hand tools on titanium parts.

TAPSAND DIES

Taps and dies are used to cut threads in metal,
plastics, or hard rubber. The taps are used for
cutting internal threads, and the dies are used to
cut externa threads. Many different types of taps
are available. However, the most common are the
taper, plug, and bottoming (fig. 3-5).

The taper (starting) hand tap has a chamfer
length of 8 to 10 threads. Y ou would use these
taps when starting a tapping operation and when
tapping through holes.

Plug hand taps have a chamfer length of 3to 5
threads and are designed for use after the taper
tap.
® Bottoming hand taps are used for threading
the bottom of a blind hole. They have a very short
chamfer length of only 1 to 1 1/2 threads. This

Figure 3-6.—Rethreading die.



tap is always used after the plug tap has been
used. Both the taper and plug taps should precede
the use of the bottoming hand tap.

Dies are available in several different
shapes and are of the solid or adjustable type.
Figure 3-6 shows a solid type of rethreading die.
It is used mainly for dressing over bruised or
rusty threads on screws or bolts. It is available
in a variety of sizes for rethreading American
standard coarse and fine threads. These dies are
usually hexagon in shape and can be turned with
a socket, box, open-end, or any wrench that will
fit.

Round split adjustable dies (fig. 3-7) are called
“button” dies. Y ou can use them in either hand
diestocks or machine holders. The adjustment in

ADJUSTING
SCREW

SCREW ADJUSTING TYPE

the screw adjusting type is made by afine-pitch
screw which forces the sides of the die apart or
allows them to spring together. The adjustment
in the open adjusting type is made by three screws
in the holder, one for expanding and two for
compressing the dies. Round split adjustable dies
are available in avariety of sizesto cut American
standard coarse and fine threads, specia form
threads, and the standard sizes of threads that are
used in Britain and other European countries. For
hand threading, these taps and dies are held in tap
wrenches and diestocks (fig. 3-8).

THREAD CHASERS

Thread chasers are threading tools that have
several teeth. They are used to rethread (chase)

OPEN ADJUSTING TYPE

Figure 3-7—Types of adjustable dies.
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SINGLE-SCREW DIESTOCK

THREE-SCREW DIESTOCK

Figure 3-8.—Tap wrenches and diestocks.
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damaged external or internal threads (fig. 3-9).
These tools are available to chase standard
threads. The internal thread chaser has its cutting
teeth located on a side face. The external thread
chaser has its cutting teeth on the end of the shaft.
The handle end of the tool shaft tapers to a point.

SCREW AND TAP EXTRACTORS

Screw extractors are used to remove broken
screws without damaging the surrounding
materia or the threaded hole. Tap extractors are
used to remove broken taps.

.
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Figure 3-9—Thread chasers.

Tap extractors are straight and have prongs
from end to end (fig. 3-10, view A). These
extractors are available to remove broken taps
ranging from 1/4 inch to 1 inch in outside
diameter. Spiral tapered extractors (fig. 3-10,
view B) are sized to remove screws and bolts
ranging from 3/16 inch to 3 1/2 inches in out-
side diameter.

Most sets of extractors include twist drills and
a drill guide. Tap extractors are similar to the
screw extractors and are sized to remove taps
ranging from 3/16 to 3 1/2 inches in outside
diameter.

MECHANICAL FINGERS

You can retrieve small articles that have fallen
into places where you cannot reach them by hand
with the mechanical fingers. You can also use this
tool when starting nuts or bolts in difficult aress.
The mechanical fingers (fig. 3-11) have a tube
containing flat springs that extend from the end
of the tube to form clawlike fingers, much like
the screw holder. The springs are attached to a
rod that extends from the outer end of the tube.
A plate is attached to the end of the tube; a similar
plate, which you press with your thumb, is
attached to the end of the rod. A coil spring placed
around the rod between the two plates holds them

SLIDING
PRONG

BROKEN
TAP

SQUARE

BOTTOM SHANK

COLLAR

A . STRAIGHT TAP

(A

o ([ {2222 77227>

)

B. SPIRAL SCREW

Figure 3-10.—Tap and
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apart and retracts the fingers into the tube. With
the bottom plate grasped between your fingers and
enough thumb pressure applied to the top
plate to compress the spring, the tool fingers
extend from the tube in a grasping position.
When the thumb pressure is released, the tool
fingers retract into the tube as far as the
object they hold allows. Thus, enough pressure
is applied on the object to hold it securely.
Some mechanical fingers have a flexible end
on the tube to permit their use in close quarters
or around obstructions.

NOTE: Do NOT use mechanical fingers
as a substitute for wrenches or pliers.
The fingers are made of thin sheet
metal or spring wire and you can
easily damage them by overloading.

INSPECTION MIRROR

Several types of inspection mirrors are
available for use in maintenance. The mirror
is issued in a variety of sizes and may be

AN

EXTENDED POSITION RETRACTED POSITION

FLEXIBLE
TYPE

round or rectangular. The mirror is connected
to the end of arod and may be fixed or adjustable
(fig. 3-12).

The inspection mirror will aid you in making
detailed inspection where you cannot directly see
the inspection area. By angling the mirror, and
with the aid of a flashlight, you can inspect most
required areas. A late model inspection mirror
features a light to aid you in viewing those dark
places where the use of a flashlight is not
convenient.

Figure 3-12—Adjustable inspection mirror.

e

RIGID TYPE

Figure 3-11.—Mechanical fingers.
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WIRE-WRAP HAND TOOLS

Basically, wire wrapping is smply winding a
solid wire tightly around a stiff pin to provide a
good junction. Figure 3-13 shows some of
the types of hand tools currently available
for this purpose. Wire-wrap hand tools are
used with different sized bits and sleeves,
depending on the size of the wire being
used. Some ships have wire-wrap kits for
the GSs. On other ships you might need
to borrow these hand tools from other
divisions, such as the Data Systems Tech-
nicians or the Fire Control Technicians. The
principles and techniques of wire-wrapping
will be discussed in chapter 10 of this training
manual.

PRECISION TOOLS

When performing maintenance or repair
on various equipment, you are required to

adjust, tighten, or space components to specific
tolerances. To do this, you must have an
understanding of how to use and read the
measuring instruments involved, such as torque
wrenches, micrometers, and depth gauges.
This section covers some of the measuring
ins}]ruments you need to become familiar
with.

TORQUE WRENCHES

Torque wrenches are used to tighten
nuts, bolts, and fasteners to specific toler-
ances. Due to the variations in temperatures
associated with operating equipment, various
parts are placed under stress. If parts are
not tightened evenly and in a uniform man-
ner, one or two bolts or fasteners could
bear the brunt of the stress. This can re-
sult in damaged and broken parts. Proper tighten-
ing following the manufacturer’s instructions

BATTERY OPERATED

PNEUMATIC MODEL

Figure 3-13.—Examples of wire-wrap tools.
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and standards will prevent this. Torque
wrenches must be kept in calibration. Ensure you
use ONLY calibrated torque wrenches.

Types of Torque Wrenches

The three most commonly used torque
wrenches are the deflecting beam, dial in-
dicating, and micrometer setting types (fig. 3-14).
When using the deflecting beam and the dial
indicating torque wrenches, you read the torque
on adial or scale mounted on the handle of the
wrench.

The torque wrench you will probably
use is the micrometer setting. This type is
easier to use because you do not have to
watch a dial or pointer while using the
wrench.

To use a micrometer setting wrench, un-
lock the grip and adjust the handle to the
desired setting on the micrometer scale. Then,
relock the grip. Install the required socket
or adapter to the square drive of the handle.
Place the wrench assembly on the nut or
bolt and pull in a clockwise direction with
a smooth, steady motion. (A fast or jerky
motion results in an improperly torqued unit.)
When the applied torque reaches the torque
value, which isindicated on the handle setting,

a signa mechanism automatically issues an
audible click. Next the handle releases, or
“breaks,” and moves freely for a short
distance. You can easily feel the release
and free travel and know when the torquing
process is complete.

The procedure for using the deflecting
beam and the dial indicating wrenches is
the same as the micrometer setting wrench;
however, you have to hold the torque at
the desired value until the reading is steady.

Torque Values

Torque values are expressed in pound-
inches (Ib-in.) or pound-feet (Ib-ft). One pound-
inch (or 1 pound-foot) is the twisting force
of 1 pound applied to a twist fastener (such
as a bolt or nut) with 1 inch (or 1 foot)
of leverage. This twisting force is applied
to the fastener to secure the components.
When you are working with or reading torque
values, they are usually expressed in inch-
pounds (in.-Ib) or foot-pounds (ft-1b).

A manufacturer’'s or a technical manual
generally specifies the amount of torque you
should apply to a fastener. To assure getting
the correct amount of torque on the fastener,
use the wrench according to the manufacturer’s
instructions. When using an adapter (such
as a crowfoot wrench) with a torque wrench,
you must calculate the correct adapter torque.

90 DEGREES

n-
v

MICROMETER
SETTING

Figure 3-14.—Torque wrenches.
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Figure 3-15 shows a step-by-step method to
calculate torque.

Proper Use of Torque Wrenches

Use the torque wrench which will read about
midrange for the amount of torque to be applied.

BE SURE THAT THE TORQUE WRENCH
HAS A CURRENT CALIBRATION LABEL
ON IT BEFORE YOU USE IT. The accuracy of
torque-measuring depends a lot on how the
threads are cut and on the cleanliness of the
threads of the item being torqued. Make sure you
inspect and clean the threads. If the manufacturer

1. WHEN AN ADAPTER IS BEING USED WITH A
TORQUE WRENCH, THE EFFECTIVE LENGTH OF
THE WRENCH IS CHANGED. WHEN USING AN
ADAPTER, THE TORQUE WHICH APPEARS ON THE
DIAL OR GAGE OF THE WRENCH WILL BE DIF-
FERENT FRCM THE ACTUAL AMOUNT OF TOR-
QUE APPLIED TO THE NUT OR BOLT. THERE-
FORE, THE WRENCH MUST BE SET TO COMPEN-
SATE FOR THE INCREASE OR DECREASE IN ACTTUAL
TORQUE COMPARED TO THE INDICATED TORQUE.

2, THE EFFECTIVE LENGTH OF THE ADAPTER MAY BE
DETERMINED BY MEASURING FRCM THE CENTER
OF THE SCCKET QPENING TO THE CENTER OF THE
WREMCH QPENING, PARALLEL TC THE CENTERLINE
OF THE TORQUE WRENCH.

3. THE EFFECTIVE LENGTH OF THE TORQUE VWRENCH
MAY BE DIFFERENT FOR EACH TYPE OF WRENCH,
THE EFFECTIVE LENGTH IS THE DISTANCE BETVWEEN
THE CENTERLINE OF THE DRIVE SQULARE AND THE
CENTERLINE OF THE FORCE APPLIED AT THE HAN-
DLE (CENTERYOF HAND HOLD),

4. THE ADDITION CF THE EFFECTIVE LENGTH OF THE
ADAPTER (E} IS DETERMINED BY THE POSITIONING
OF THE ADAPTER ON THE WRENCH, V/HEN THE
AMNGLE BETWEEN .THE TORQUE WRENCH AND ADAP-
TER 1S 50°, THE EFFECTIVE LENGTH OF THE "WRENCH
1S UNCHANGED (SEE VIEW B), V/HEN THE ANGLE
IS GREATER THAN 90° (SEE VIEW A) THE EFFECTIVE
LENGTH (Ey OF THE ADAPTER WILL BE ADDED TO THE
EFFECTIVE LENGTH (L) OF THE WRENCH, ‘WHEN THE
ANGLE IS LESS THAN 90° (SEC VIENW B) THE EFFECTIVE
LENGTH (E; OF THE ADAPTER IS SUBTRACTED FROM
THE EFFECTIVE LENGTH (L) OF THE WRENCH,

5. WHEN USING AN ADAPTER, THE INDICATED TORQUE
MAY BE COMPUTED BY USING THE FOLLOWING FOR-
MULA,

T = DESIRED TORQUE

| = TORQUE INDICATED ON WRENCH

L - EFFECTIVE LENGTH OF TORQUE WRENCH
E - EFFECTIVE LENGTH OF ADAPTER

EXAMPLE CF VIEW A

?

| -
T 265 LB-IN,
L - 8.5 INCHES
E- 1.5 INCHES
STEP | STEP 2
sk | 2265 X 8.5
[+E 8.5+1.5
STEP 3 STEP 4
|2 2252.5 | =225 LB-IN,
o {APPROXIMATE)
EXAMPLE OF VIEWY B
| =7
T =265 LB-IN.
L = 8.5 INCHES
£= 1.5 INCHES
STEP | 5TEP 2
b AL 2 263%3.5
C-¢ 5.5-1.5
STEP 3 STEP 4
_2252.5 I =322 LB-IN.
TR CAPPROKIMA TE

NCTE

OF SPECIFIED TORQUE RANGE

IF EFFECTIVE LENGTH (E) OF THE ADAPTER IS 2 INCHES OR LESS AND THE ANGLE
1S GREATER THAN 90° (SEE VIEV/ A), TORQUE TO LOWER HALF OF SPECIFIED
TORQUE RANGE, IF EFFECTIVE LENGTH (E' OF THE ADAPTER 15 2 INCHES OR
LESS AND THE ANGLE 15 LESS THAN 90° (SEE VIEW B) TORQUE TO UPPER HALF

T S | =
J LEE

a o H .
e —
90° 70°
: L f

0]
o

|
%\90° ?;)°/~

L WP

2937

Figure 3-15.—Determining torque wrench correction factors.
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specifies a thread lubricant, use it to obtain the
most accurate torque reading.

Torque wrenches are delicate and expensive
tools. Observe the following precautions when
using them :

1. Do not move the setting handle below the
lowest torque setting when you use the micrometer
setting. However, place it at its lowest setting prior
to returning it to storage.

2. Do not use the torque wrench to apply
greater amounts of torque than its rated capac-
ity.

3. Do not use the torque wrench to break
loose bolts that have been previously tightened.

4. Do not drop the wrench. The resulting jolt
can affect its accuracy.

5. Do not apply a torque wrench to a nut that
has been tightened. Back off the nut one turn with

FIRM JOINT SPRING

QUTSIDE CALIPERS

a nontorgue wrench and retighten to the correct
torque with the indicating torque wrench.

6. Do not use atorque wrench before check-
ing its calibration date. Calibration intervals have
been established for all torque tools used in the
Navy. When a tool is calibrated by a qualified
calibration activity at a shipyard, tender, or repair
ship, a label showing the next calibration due date
is attached to the handle. Check this date before
you use a torque tool to ensure that it is not over-
due for calibration.

Y ou can find specific information on torque
values for equipment in the manufacturer’s
technical manual.

SIMPLE CALIPERS

Simple calipers are used in conjunction
with a scale to measure diameters. Figure 3-16

ADIUSTABLE

TRANSFER FIRM JOINT

FIRM JOINT

" ADJUSTABLE
FIRM JOINT

FIRM JOINT

TRANSFER
FIRM JOINT

SPRING ADJUSTABLE POINT SOLID POINT

4.17A

Figure 3-16.—Simple calipers-noncalibrated.
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shows the calipers most commonly used in
the Navy.

Outside calipers for measuring outside
diameters are bow-legged; those used for inside
diameters have straight legs with the feet turned
outward. You adjust calipers by pulling or
pushing the legs to open or close them. You can
make fine adjustment on calipers by tapping one
leg lightly on a hard surface to close them or by
turning them upside down and tapping on the
joint end to open them.

Spring-joint calipers have the legs joined
by a strong spring hinge and linked together
by a screw and adjusting nut. For measur-
ing chamfered cavities (grooves), or for use
over flanges, transfer calipers are available.
They are equipped with a small auxiliary
leaf attached to one of the legs by a screw.
The measurement is made as with ordinary
calipers; then the leaf is locked to the leg.
The legs may be opened or closed as needed
to clear the obstruction, and then brought
back and locked to the leaf again, which restores
them to the original setting.

A different type of caliper is the her-
maphrodite, sometimes called an odd-leg caliper.
This caliper has one straight leg ending in a sharp
point, sometimes removable, and one bow leg.
The hermaphrodite caliper is used chiefly for
locating the center of a shaft or for locating a
shoulder.

You can find out more about how to
use and to care for simple calipers in

Use and Care of Hand Tools and Measuring Tools,
NAVEDTRA 12085 chapter 3.

SLIDE CALIPER

The main disadvantage of using ordinary
calipersisthat they do not give adirect reading
of a caliper setting. As explained earlier, you must
measure a caliper setting with arule. To overcome
this disadvantage, use slide calipers (fig. 3-17).
This instrument is occasionally called a caliper
rule.

Slide calipers can be used for measuring out-
side, inside, and other dimensions. One side of
the caliper is used as a measuring rule, while the
scale on the opposite side is used in measuring out-
side and inside dimensions. Graduations on both
scales are in inches and fractions. A locking screw
holds the slide caliper jaws in position during use.
Stamped on the frame are the words IN and OUT.
You use these in reading the scale while making
inside and outside measurements, respectively.

VERNIER CALIPER

A vernier caliper (fig. 3-18) consists of an
L -shaped member with a scale engraved on the
long shank. A dliding member is free to move on
the bar and carries a jaw which matches the arm
of the L. The vernier scale is engraved on a small
plate that is attached to the sliding member.

Perhaps the most distinct advantage of the
vernier caliper, over other types of caliper, isthe

;— SLIDING JAW

SCALE

™

T T’];ulﬂrl Ey T

INSIDE MEASURE
FIXED JAW

OUTSIDE MEASURE

FRONT

LOCKING DEVICE

BACK

Figure 3-17.—Slide caliper.
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ability to provide very accurate measurements
over a large range. It can be used for both
internal and external surfaces. To use the vernier
caliper, you must be able to measure with a dide
caliper and read a vernier scale.

MICROMETER

In much wider use than the vernier caiper is
the micrometer caliper, commonly called the
“mike.” A person who is working with machinery
or in a machine shop must thoroughly understand
the mechanica principles, construction, use, and
care of the micrometer. Figure 3-19 shows an

outside micrometer caliper with the various parts
clearly indicated. The most commonly used
micrometers are accurate to measure distances to
the nearest 1/1,000th of an inch, but if you need
to measure to the nearest 1/10,000th of an inch,
you can use a vernier micrometer caliper. The
measurement is usually expressed or written as a
decimal; so you must know the method of writing
and reading decimals.

Types of Micrometers
There are three types of micrometers that are

most commonly used throughout the Navy: the
outside micrometer caliper (including the screw

F}AME_KI K

3 4 5 6 7
Ry aoeTes fSASsTes 23458789 123456789 123456789
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FIXED JAW
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Figure 3-18—Vernier caliper.
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Figure 3-19.—Nomenclature of an outside micrometer caliper.



thread micrometer), the inside micrometer, and
the depth micrometer (fig. 3-20). The outside
micrometer is used for measuring outside
dimensions, such as the diameter of a piece of
round stock. The screw thread micrometer is used
to determine the pitch diameter of screws. The
inside micrometer is used for measuring inside
dimensions. For example, it is used to measure
the inside diameter of a tube or hole, the bore of
a cylinder, or the width of a recess. The depth
micrometer is used for measuring the depth of
holes or recesses.

Selecting the Proper Micrometer

The types of micrometers commonly used are
made so that the longest movement possible
between the spindle and the anvil is 1 inch. This
movement is called the range. The frames of
micrometers, however, are available in a wide
variety of sizes, from 1 inch up to as large as
24 inches. The range of a 1-inch micrometer is
from O to 1 inch; in other words, it can be used
on work where the part to be measured is 1 inch
or less. A 2-inch micrometer has a range from
1 inch to 2 inches, and it measures only work
between 1 and 2 inches thick; a 6-inch micrometer
has a range from 5 to 6 inches, and it measures

only work between 5 and 6 inches thick.
Therefore, in selecting a micrometer, you must
first find the approximate size of the work to the
nearest inch, and then select a micrometer that
fits it. For example, to find the exact diameter
of a piece of round stock, use a rule and find the
approximate diameter of the stock. If itis 3 1/4
inches, you need a micrometer with a 3- to 4-inch
range to measure the exact diameter. Similarly,
with inside and depth micrometers, you must fit
rods of suitable lengths into the tool to get the
approximate dimension within an inch; then, you
read the exact measurement by turning the
thimble. The size of a micrometer indicates the
size of the largest work it measures.

Reading a Micrometer Caliper

Figure 3-21 shows an enlarged sleeve and
thimble scales on the micrometer caliper. To
understand these scales, you need to know that
the threaded section on the spindle, which
revolves, has 40 threads per inch. Therefore, every
time the thimble completes a revolution, the
spindle advances or recedes |/40 inch (0.025 inch).

Notice that the horizontal line on the sleeve
is divided into 40 equal parts per inch. Every

RATCHET
STOP

[ e R ————]
INSIDE MICROMETER AND EXTENSION RODS

DEPTH MICROMETER
AND EXTENSION RODS

4.20.1B

Figure 3-20.—Common types of micrometers.
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Figure 3-21.—Sleeve and thimble scales of a micrometer
(enlarged).

fourth graduation is numbered 1, 2, 3, 4, and so
on, representing 0.100 inch, 0.200 inch, and so
on. When you turn the thimble so that its edge
is over the first sleeve line past the 0 on the
thimble scale, the spindle has opened 0.025 inch.
If you turn the spindle to the second mark, it has
moved 0.025 inch plus 0.025 inch or 0.050 inch.
You use the scale on the thimble to complete your
reading when the edge of the thimble stops
between graduated lines. This scale is divided
into 25 equal parts, each part representing 1/25
of aturn; and 1/25 of 0.025 inch is 0.001 inch.
As you can seg, every fifth line on the thimble
scale is marked 5, 10, 15, and so on. The thimble
scale, therefore, permits you to take very accurate
readings to the thousandths of an inch; since you
can estimate between the divisions on the
thimble scale, fairly accurate readings to the ten
thousandth of an inch are possible.

The closeup in figure 3-22 helps you to under-
stand how to take a complete micrometer reading.
Count the units on the thimble scale and add them
to the reading on the leeve scale. The reading in
the figure shows a sleeve reading of 0.250 inch
(the thimble having stopped slightly more than
halfway between 2 and 3 on the deeve) with the
10th line on the thimble scale coinciding with the
horizontal sleeve line. Number 10 on this scale

4.20.2

Figure 3-22—Read a micrometer caliper.



means that the spindle has moved away from the
anvil an additional 10 times 0.001 inch, or 0.010
inch. Add this amount to the 0.250 inch sleeve
reading, and the total distance is 0.260 inch.

Reading a Vernier Micrometer Caliper

Many times you are required to work to
exceptionally precise dimensions. Under these
conditions you should use a micrometer that is
accurate to ten thousandths of an inch. This
degree of accuracy is obtained by the addition of
avernier scale. This scale (fig. 3-23) furnishes the
fine readings between the lines on the thimble
rather than making you estimate. The 10 spaces
on the vernier are equivalent to 9 spaces on the
thimble. Therefore, each unit on the vernier scale
is equal to 0.0009 inch, and the difference
between the sizes of the units on each scale is
0.0001 inch.

When a line on the thimble scale does not
coincide with the horizontal sleeve line, you can
determine the additional space beyond the
readable thimble mark by finding which vernier
mark coincides with a line on the thimble scale.
Add this number, as that many ten thousandths
of aninch, to the original reading. In figure 3-24,
see how the second line on the vernier scale
coincides with aline on the thimble scale.

This means that the 0.011 mark on the thimble
scale has been advanced an additional 0.0002 of
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Figure 3-23.—Vernier scale on a micrometer.
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Figure 3-24.—Read a vernier micrometer caliper.

an inch beyond the horizontal sleeve line. When
you add this to the other readings, the reading will
be 0.200 + 0.075 + 0.011 + 0.0002 = 0.2862
of an inch, as shown.

TEST EQUIPMENT

AsaGSE or aGSM, you are responsible for
operating various pieces of test equipment when
performing maintenance and repair procedures.
Y ou must fully understand the operation of this
test equipment and must be able to interpret the
results of these tests.

Some of the equipment you will find in use are
gauge calibration equipment, vibration analysis
equipment, horoscopes, fuel testing equipment,
and electrical/electronic test equipment.

DEADWEIGHT TESTER/GAUGE
COMPARATOR

Several types of deadweight testers are
available. The types are determined by whether
the pressure medium is fluid or gas. The fluid
deadweight testers use oil or water as the pressure
medium; bifluid deadweight testers use oil and
water. Pneumatic deadweight testers use a gas,
usually pure nitrogen, as the pressure medium.

You will ONLY use the deadweight tester/
gauge comparator to compare a gauge to a known
pressure. You will do this by applying a pressure
with the pump to the standard comparator gauge
and the gauge to be compared.

Since the construction details vary for the
different types of testers, you should read the
manufacturer’s catalog or the applicable Naval



Ships' Technical Manual for specific care and
maintenance information.

ULTRAVIOLET TEST UNIT

The ultraviolet (UV) test unit is a battery-
operated unit that outputs an ultraviolet light
beam to test the ultraviolet light flame detectors.
The test unit is acylindrical object. It has a pistol
type of grip that contains a trigger to control the
unit attached to the bottom side of the cylinder.

HEAT GUN

The heat gun is a device that outputs forced
hot air. This is used to test the temperature
detectors in the gas turbine enclosure. The heat
gun looks and works on the same principle as a
blow dryer.

STROBOSCOPE

The stroboscope is an instrument that permits
rotating or reciprocating objects to be viewed inter-
mittently and produce the optical effect of slowing
down or stopping motion. For example, electric
fan blades revolving at 1,800 rpm will apparently
be stationary if viewed under a light that flashes
uniformly 1,800 times per minute. At 1,799
flashes per minute, the blades will appear to rotate
forward at 1 rpm, and at 1,801 flashes per minute,
they will appear to rotate backward at 1 rpm.

The strobotac (fig. 3-25) is an electronic flash
device that has a very short flash duration (on the
order of afew millionths of a second). This allows
very rapid motion to be stopped. The strobotac
box contains a swivel mount with a strobotron
lamp in a parabolic reflector, an electronic pulse
generator that controls the flashing rate, and a
power supply that operates from the ac power
line. The flashing rate is controlled by the large
knob. The corresponding speed in rpm is indicated
on an illuminated dial viewed through windows
in the knob.

BORESCOPE

The borescope is an instrument used to inspect
the internal parts of the GTE. Inspection is
performed by passing a fiber optic probe (rigid
or flexible) through parts in the engine. This
allows the operator to view the engine parts in the
gas flow path.
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Figure 3-25.—Strobotac.

Function of the Borescope

The word borescope is made up of two words.
These are bore, which means cylindrical cavity
(such asin the case of a hydraulic cylinder or gun
barrel), and scope, which means to observe. In
the borescope application of inspecting the gas
path components of GTES, the magjority of the
observing to be done is at some angle relative to
the axis of the borescope inspection hole (port).
You can think of the borescope as a type of
periscope.

This periscope would be a simple device if it
were not for the need to illuminate the object
observed. In the equipment described in this



manual, fiber optics are used to transmit light
from a remote source to an opening at the end
of the borescope probe. The use of fiber optics
removes the heat of the bulb from the probe and
eliminates the electrical parts from inside it.

The Wolf and Eder borescopes now in use in
the fleet are the rigid, probe fiber optic illuminated
type. Both borescopes have been manufactured
to the same specifications; athough some minor
design differences exist, their operating principles
remain unchanged.

The three basic items that are required for a
standard rigid, fiber illuminated borescope setup
(fig. 3-26) are asfollows:

1. Fiber light projector-A remote unit that
supplies the light needed to see the object.

2. Fiber light guide-A flexible cable com-
posed of fiber strands that transmits the light from
the light source to the borescope.

3. Probes and adapters-A system of prisms
and lenses surrounded by light carrier bundles that
transmit light to illuminate the object. The prism
and lens system returns the illuminated image
from the distal tip to the eye.

o ———
PROBE 1

PROBE 2
PROBE 3

MAGNIFICATION ADAPTER

60° ANGLE VIEWING ADAPTER

Borescope Use

The borescope is a precision periscope
instrument. It is designed for you to inspect
the gas path components of GTEs without
having to disassemble the engine. The bore-
scope probes (periscopes) contain precision
optics that are easily damaged by rough handling.
Foam-padded carrying cases are provided to
insulate these instruments from shock. The light
projector is in one case, and al the remaining
equipment is in the other case. Many different
kinds of probes and adapters are available
from borescope manufacturers. The equipment
described in this manual has been selected
to meet the inspection requirements of the
LM2500 GTE. The need to inspect other
machinery, in most instances, requires additional
borescoping components of a configuration
to be compatible with the geometry of that
equipment. Additional borescope accessories
needed to inspect any machine other than the
LM2500 GTE will be described when we discuss
the inspection of that particular piece of
equipment.

FIBER LIGHT PROJECTOR

/ FIBER LIGHT GUIDE

291.181

Figure 3-26.—Wolf borescope equipment.



Three Wolf probes are used for inspecting the
LM2500 GTE (fig. 3-27). Each probe has a unique
configuration that has special capabilities. The
parameters that are varied to achieve these proper-
ties are the viewing angle, the field of vision, and
the magnifying factor. Understanding the
capabilities of each probe will help you find out
the best way to use it. The numbering of the
probes has nothing to do with their importance
or the sequence in which they are used.

Figure 3-27 provides parameters that define
the probes. A quick review of these parameters
reveals the characteristics of each probe. Probe
No. 1, with a 90-degree direction of vision, has
anarrow field of view and a high magnification
factor. The magnification factor of 1.1 at
7 inches means that an object 7 inches away can
be seen as true size, but objects closer than 7
inches can appear magnified. This probeisvery
difficult to use for searching for an object because
of its narrow field of view. Also, its short depth
of field requires constant refocusing. The
important feature of probe No. 1 isits ability to
provide greater magnification to an object already
identified (most inspection areas in the LM2500

GTE are less than 7 inches from the inspection
ports). Although all probes have been made to
the same specification, some variance in the
magnification factor is provided by the Wolf and
Eder No. 1 probes. The Eder probe has a
magnification factor of 1:1 at 5 inches instead of
at 7 inches. Eder isworking to standardize their
probe. However, the user should be aware that
it is an Eder and verify the optical characteristics
of the probe in his Kkit.

Probes No. 2 and No. 3 are identical with the
exception that No. 2 is looking down (100° from
axis of probe) and No. 3 islooking up (70° down
from axis of the probe). Objects 2 inches away
from the ends of these probes appear at their true
size. Objects closer than 2 inches appear
magnified, and objects further than 2 inches
appear reduced. The advantage of these probes
isthat they have awide view and are suited for
searching. They also have alarge depth of field
which does not require constant refocusing. With
these probes, all objects 1/4-inch distance from
the probe tip to infinity will be in focus.

The direction of view is always given in
degrees. Some manufacturers consider the
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Figure 3-27.—Probe used with Wolf borescope.
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eyepiece as 0°; therefore, a direct view scope
would be 180° (Wolf). Others start with the
probe tip as 0° and count back toward the
eyepiece. The Wolf borescope probes (fig. 3-27)
use a direction of vision corresponding to the
standards of the medical profession.

Borescoping and evaluation of results from
an engine inspection are best learned from
experience. You should work with an experienced
inspector when learning the use of the borescope.
Technical manuals provide acceptable and non-
acceptable limitations for engine damage; most
ships have borescope inspection report sheets. You
will turn these sheets in to the chief engineer; they
show the inspection results and your evaluations.
From these sheets the chief engineer can make the
decision to continue to use the engine or to have
the engine repaired to operable condition.

VIBRATION ANALYSIS

Vibration analysis is a method of determining
a piece of machinery’s mechanical condition by
measuring its vibration characteristics under
normal operating conditions. Vibration analysis
isan extremely effective tool. Thisanalysis can
accurately indicate whether a machine has
mechanical defects and which specific part is
defective.

With avibration analysis program on board
your ship, you can detect machinery problems in
their early stages. In this way, you can prevent
complete failure of the equipment and possible
severe damage to the equipment.

You can use this analysis program to make a
baseline profile of new equipment. When doing
preventive maintenance, you can compare the

291.169

Figure 3-28.—Model 309 vibration meter,
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baseline with the current readings to check the
machinery condition. It can also be used to
troubleshoot equipment for suspected problems
and to verify that proper repairs have been made
to overhauled equipment.

The principle of vibration analysis is based
on the fact that all machines vibrate. These
vibrations are caused by the allowable tolerance
errors that are inherent in the machines
manufacture; they form the baseline vibration
signature of the individual machine. Similar
machines have similar vibration signatures
that differ from each other only by their
manufacturing and installation tolerances.

When a machine’s vibration signature changes
under its standard operating conditions, the
indication is that an impending defect is starting
to change the machine’s mechanical condition.
Different defects cause the vibration signature to
change in different ways; thus, the vibration
signature provides a means of determining the
source of the problem as well as warning of the
problem itself.

Vibration Meter
The information that we provide on vibration

meters is a genera description of the meters.
For information concerning operation of this

equipment, consult the manufacturer’s technical
manual.

The basic instrument for a vibration preventive
maintenance program is the vibration meter.
Figure 3-28 shows a typical vibration meter used
on board ships. This is a portable, handheld unit
that is used for periodic machinery checks. It
measures the overall vibration of a machine,
which is essentially a summation of all the
vibrations present in the machine at the measure-
ment point.

The portable, battery-powered meter is
supplied with a carrying case. This case holds the
instrument instruction manual, vibration pickup,
4-foot pickup cable, 9-inch probe, magnetic
holder, magnetic shield, and meter carrying strap.

Vibration Analyzers

The vibration analyzer provides a vibration
measurement capability beyond that available in
the vibration meter. The vibration meter’s
function is to determine the mechanical condition
of machinery by measuring overall vibration
amplitude. When the meter detects a mechanical
defect, however, it is not capable of pinpointing
the specific cause. This is the purpose of the
vibration analyzer.

A vibration analyzer (fig. 3-29) contains a
tunable filter and a stroboscopic light. You use

Figure 3-29.—Model 350 vibration analyzer.
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these to measure the vibration amplitude,
frequency, and phase. These are the three
vibration characteristics needed to describe and
identify any vibration.

PRESSURE TRANSDUCER
CALIBRATION KIT

You will use the pressure transducer calibra-
tion kit when performing maintenance on the
various pressure transducers. The kit consists of
three suitcase type of containers and a dual
diaphragm vacuum pump.

The absolute pressure calibration unit isin one
container. You will use this unit when calibrating
the absolute pressure transducers. The unit has
two panel-mounted gauges, a high-pressure
regulator, a vacuum/pressure regulator, and a
selector valve. The three connection ports are for
high-pressure supply, regulated pressure out, and
vacuum source.

The gauge pressure and differential pressure
calibration unit isin another container. Use this
unit when you calibrate the gauge pressure and
differential pressure transducers. The unit has

three panel-mounted gauges, a high-pressure
regulator, and a selector valve.

The third container provides storage for the
multimeter and leads, the nitrogen bottle
regulator, and the hose assemblies. The nitrogen
bottle is separate and does NOT come with the kit.

Before you calibrate any of the pressure
transducers, be sure the gauges on the calibration
units do not require calibrating. For detailed
instructions, refer to Propulsion Gas Turbine
Module LM2.500, Trouble Isolation, volume 2,
part 3, S9234-AD-MMO-050/LM?2500.

CENTRIFUGE

The centrifuge is used to conduct the BS&W
test on fuel or to separate different liquids and
solids from liquids. The centrifuge (fig. 3-30)
consists of atop piece from which four metal tube
carriers swing. The carrier holds glass centrifuge
tubes graduated to 100 ml. An electric motor
rotates the top piece with the tubes. The centrifuge
has an adjustable rheostat to select the speed.

To operate the centrifuge, place two tubes with
the 100 ml of fuel at opposite ends of the carrier.
Then whirl them for 15 minutes at a speed of

Figure 3-30.—Centrifuge

3-22



1,500 rpm. Read the combined volume
of water and sediment at the bottom of each tube.
Readings from the tubes are a direct percentage
of water and sediment. Determine the BS&W
of the fuel, add the readings from the two centrifuge
tubes, and divide by two.

should repeat this operation until the volume of
water and sediment in each tube remains
constant for two consecutive readings. In general,
you will not have to perform more than four
whirlings.

PENSKY-MARTENSCLOSED-CUP
FLASH POINT TESTER

The Pensky-Martens closed-cup flash point
tester determines the flash point of fuel received
on board ship. Figure 3-31 shows the tester, which

contains a cup with a lid, a stirring device, a
thermometer, and a heat source.

The flash point of a petroleum product is the
lowest temperature at which it gives off sufficient
vapors to form a combustible mixture that can
be ignited momentarily. Knowledge of the flash
point aids you in determining precautionary
measures to take against fire and explosion
hazards. A flash point substantially lower than
expected is a reliable indication of contamination
with a highly volatile product (such as aviation
gasoline). Contamination of a product can lower
its flash point beyond safe handling and storage
procedures for that product. This test will also
indicate dilution of the product by substances that
will cause the flash point to be excessively high.
The minimum flash point for all fuel on Navy
shipsis 140°F.

291.99

Figure 3-31.—Pensky-Martens closed-cup flash point tester.
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FREE WATER DETECTOR free or mechanically suspended water present in
aircraft fuels. You can use it to test both naval

distillate and JP-5. The test procedures for these
The Free Water Detector (FWD) (fig. 3-32) is a small two fuels differ as do the criteria the fuels must

portable instrument that quantitatively determines meet.

291.100
Figure 3-32—A.E.L. Mk II.

Figure 3-33—A.E.L. ML 111.
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The FWD is a smal auminum box
containing an UV lamp source for viewing
the fluorescence resulting from the reaction
of free water in the fuel with a chemical-
impregnated test pad. Incorporated into the box
are the FWD components necessary for view-
ing the fluorescence, including the UV light
momentary switch, transformer, and test pad
holder dlider.

CONTAMINATED FUEL
DETECTOR

The Contaminated Fuel Detector (CFD) (fig. 3-33) is a portable
instrument that determines the quantity of solid
contamination present in naval distillate and JP-5.
You are required to have one CFD on
board for each type of fuel to maintain your
operation fuel quality assurance and aviation
certification.

The CFD consists of a fuel sample
container, a fuel-millepore filtration system (with
the filter), and a light transmission system to
determine the quantity of solid contamination on
a millepore filter. It is reliable, accurate, and
rugged. This fuel detector is capable of providing
a quick determination of the quantity of solid
contaminates in fuels.

The contaminated fuel dectector is a self-
contained unit. All components necessary for
filtration and measurement of transmitted light
are in one serviceable package. A drawer,
compartments, and holders are available for
storage of filters, sampling bottles, filter holder,
power cable, and vital spare parts.

RESISTANCE BOXES

At one time or another while performing
maintenance actions, you will use a resistance box,

sometimes called a decade box. Figure 3-34 shows
an example of this box. These boxes, generally
oblong in shape, contain variable resistors. On top
of the boxes you will see either four, five,
or six rotary switches, depending on the type of
box used. Each switch will have the numbers
0 through 9 on it. Below each switch you will
see a number known as the multiplier. Three
terminals are on the right-hand side of the box
to connect it with the circuit(s). Some of the boxes
may also have a decimal point, such as between
switches (3) and (4) in figure 3-34.

The resistance boxes have different ohmic
vaue designations. Printed on the top of the box
you will find the upper limit. For example, a
1-kilohm (K€2) box will range from 0.01 to 999.99
ohms, a 1-megohm (M Q) box will range from
1 to 999,999 ohms, and so forth.

Each rotary switch on the box controls its own
variable resistor. These resistors are arranged so
that each resistor’s value can be collectively added
to each other. Using the figure and reading the
switches from left to right, (1) is in the hundreds
place, (2) istens, (3) is ones, (4) is tenths, and (5)
IS hundredths. To determine the value of a
resistor, such as (2) in the figure, read the dial
setting, which is 3, and its multiplier, which is
RX10. This becomes 3R x 10 or 3 ohms x 10.
Therefore, the value of resistor (2) is 30 ohms at
this setting. Calculate all of the other resistors in
the same manner. Then add the values of each
resistor together to get the total resistance of the
box. What is the total resistance of the box in
figure 3-34? If you figured it out correctly, it
would be 730.19 ohms.

You will use these resistance boxes when
checking the calibrations of equipment, such as
power turbine total inlet pressure (P;5,4) Sensors
and various transducers.

ROTARY SWITCHES
I —_

RXI100 RXIO
MULTIPLIERS =%

DECIMAL POINT

1K

®
wrpz—Tom—

Rx.{

Figure 3-34.—Decade resistance box.



POWER SUPPLY

The power supply you will use is a portable
device. You will use it to perform maintenance
or to check equipment operation. The power
supply ranges from O to 50 volts direct current
(dc). This is more than adequate for the majority
of your work.

This type of power supply is simple and easy
to use. On the front of the power supply are the
output controls, a voltage meter, and the terminal
connections.

When using a power supply, make sure you
follow all safety precautions. Refer to the
manufacturer’s technical manual for the proper

operating procedures. To avoid damaging the
equipment you are working on, know its limits
and do not exceed them. When making connec-
tions, be sure you observe proper polarity.

MULTIMETERS

During troubleshooting, you will often be re-
quired to measure voltage, current, and resistance.
Rather than using three or more separate meters
for these measurements, you can use the MULTI-
METER. The multimeter contains circuitry that
allows it to function as a voltmeter, an ammeter,
or an ohmmeter. A multimeter is often called a
VOLT-OHM-MILLIAMMETER (vom).

| b So &L - - Ned T
T 3’{\5& ’ ey e
VOL\ OHM MILLIAMMETER 0 o0 o
L 20 O e o C P YR " Rt
0 00 Smpor O O\
-10A QUTPUT 500 MA——\ B0 AMPS +
—pc ¥0C ac AMPS
FUNCTION \ 25V I0MA ZRHMS
swiren \é oV, I MA
50 V. Rxl
HAMP.
250V. Rxl00
1000 V. \Rxio,000 _AC D¢
5000 v

289.23

Figure 3-35.—Simpson 260, volt-ohm-milliammeter (vom).
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The Simpson 260 multimeter (fig. 3-35) isa
typical vom used in the Navy today. It has a meter
movement for you to use to take the readings.
You must look at the switches to determine which
scale to use on the meter. A disadvantage of this
type of vom isit tends to “load” the circuit under
test.

ELECTRONIC DIGITAL
MULTIMETERS

The electronic digital multimeter can do the
same job as the multimeter. The main difference
between the two types of multimeters is the
electronic digital multimeter display is digital and
it has a higher input impedance. Because of the
higher input impedance of the electronic digital
multimeter, the loading effect is less and the
measurements taken are more accurate.

One example of atypical electronic digital
multimeter in use within the Navy is the Model
8000A electronic digital multimeter. Most
electronic digital multimeters overcome the
disadvantage of requiring a continuous external
power source by combining an external ac source
with an internal rechargeable battery. Figure 3-36
shows the Model 8000A electronic digital
multimeter.

MEGOHMMETER

You cannot use an ordinary ohmmeter for
measuring multimillion ohm values of resistances,
such as those in conductor insulation. To test for
such insulation breakdown, you need to use a

INPUT TERMINALS

much higher potential than that supplied by the
battery of an ohmmeter. This potential is placed
between the conductor and the outside of the
insulation. A megohmmeter (Megger) is used for
these tests. Figure 3-37 shows a portable megohm-
meter with two main elements: (1) a hand-driven
dc generator, which supplies the necessary
voltage for making the measurement, and (2) the
instrument portion, which indicates the value of
the resistance you are measuring.

OSCILLOSCOPES
Many different types of oscilloscopes are

available. They vary from relatively simple test
instruments to highly accurate laboratory models.

Figure 3-37.—Megohmmeter.
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Figure 3-38 shows the front panel of a dual-trace,
general-purpose oscilloscope. It is commonly used
in the fleet.

Oscilloscopes vary greatly in the number
of controls and connectors. Usually, the more
controls and connectors, the more versatile
the instrument. Regardless of the number, al
oscilloscopes have similar controls and con-
nectors. Once you learn the fundamental opera-
tion of these common controls, you can move
with relative ease from one model of oscillo-
scope to another. Occasionally, controls that
serve similar functions will be differently
labeled from one model to another. However, you
will find that most controls are logically grouped
and that their names usually indicate their
function.

The oscilloscope in figure 3-38 is referred to
as a DUAL-TRACE OSCILLOSCOPE. It
accepts and displays two vertical signal inputs at
the same time—usually for comparison of the two
signals or one signa and a reference signal. This
scope can also accept just one input. In this case
it is used as a SINGLE-TRACE OSCILLO-
SCOPE.

SIGNAL GENERATORS

The many types of signal generators (oscil-
lators) vary from relatively simple test instruments
to highly accurate laboratory models. Their
function is to produce ac of the desired frequency
and amplitudes.

One of the primary uses of a signal generator
is to set power turbine (PT) speed trip set points.
Figure 3-39 shows a typical wide-range oscillator.

FREQUENCY COUNTERS

Many different types of frequency counters
are available. They vary from relatively ssimple
test instruments to highly accurate instruments.
Frequency counters function to measure frequen-
cies that already exist.

You can use a frequency counter in con-
junction with the signal generator to check the
output frequency of a signal generator for more
accuracy.

HYDROMETER

Y ou will be responsible for maintaining the
batteries for the uninterruptible power supply

Figure 3-38.—Dual-trace oscilloscope.



140.144
Figure 3-39.—A typical wide-range oscillator.

(UPS). This section will not cover the batteries,
but the tool required to check them. We will
discuss batteries in chapters 9 and 10 of this
manual.

A hydrometer measures active ingredients in
the electrolyte of the battery. The hydrometer
measures the SPECIFIC GRAVITY of the
electrolyte. Specific gravity is the ratio of the
weight of the electrolyte to the weight of the same
volume of pure water. The electrolyte's active
ingredients, such as sulfuric acid or potassium
hydroxide, are heavier than water. Because the
active ingredient is heavier than water, the more
active ingredient there is in the electrolyte, the
heavier the electrolyte will be; the heavier the
electrolyte, the higher the specific gravity.

A hydrometer (fig. 3-40) is a glass syringe with
afloat inside it. The float is a sealed, hollow glass
tube weighted at one end. Marked on the side of
the float is a scale calibrated in specific gravity.
Use the suction bulb to draw the electrolyte into
the hydrometer. Make sure enough electrolyte is
drawn into the hydrometer for the float to rise.
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Figure 3-40.—Hydrometer.

Do not fill the hydrometer too much so that the
float rises into the suction bulb.

Since the weight of the float is at its base, the
float will rise to a point determined by the weight
of the electrolyte. If the electrolyte has a large
concentration of active ingredient, the float will
rise higher than if the electrolyte has a small
concentration of active ingredient.

To read the hydrometer, hold it in avertical
position and take the reading at the level of the
electrolyte. Refer to the manufacturer’s technical
manual for battery specifications for the correct
specific gravity ranges.

NOTE: Flush hydrometers with fresh
water after each use to prevent inaccurate
readings. Do not use storage battery
hydrometers for any other purpose.



When working with batteries, ensure you wear
proper protective clothing (such as safety glasses,
rubber gloves, rubber apron, and rubber boots).
The battery water contains acids which can ruin
clothes and cause severe burning. Be sure you
follow the safety precautions found in Naval
Ships' Technical Manual, Chapter 313, “Portable
Storage and Dry Batteries,” and those found on
the PMS card.

HOISTING AND LIFTING DEVICES

When performing maintenance, you may have
to move or lift some of the heavy equipment or
components. Y ou can use various devices to do
this. The selection of the proper device depends
on many factors, such as the equipment to be
moved and the available work space. A working
knowledge of the following devices will aid you
in selecting the right device.

CHAIN HOISTS

Chain hoists (chain falls) provide an easy and
efficient method for hoisting loads by hand. The
advantages of chain hoists are that one person can
raise a load of severa tons, and the load can
remain stationary without being secured. A chain
hoist permits small movements, accurate adjust-
ment of height, and gentle handling of loads.
For these reasons they are particularly useful
in hoisting motors or parts which must be
precisely aligned with other parts. Two of the
most common types used for vertical hoisting
operations are the differential chain hoist and the
spur gear hoist (fig. 3-41). The load capacity of
a chain hoist can range from 1/2 ton to 40 tons
and is stamped on the shell of the upper block.

The differential chain hoist is suitable for light
loads. This hoist is only about 35 percent efficient.
In other words, about 35 percent of the energy
that you exert is converted into useful work for
lifting the load. The remaining 65 percent of the
energy is spent in overcoming friction in the gears,
bearings, and chains.

The spur gear hoist is used for operations that
require frequent use of a hoist and where few
personnel are available to operate it. The spur gear
hoist is about 85 percent efficient.

The lower hook is usually the weakest part in
the assembly of a chain hoist. This is intended as
a safety measure so the hook will start to spread
open if overloaded. Thus, you must closely watch
the hook to detect any sign of overloading in time
to prevent damage.
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Figure 3-41.—Chain hoists.

Before using a chain hoist, inspect it to
ensure safe operation. Replace a hook that shows
signs of spreading or excessive wear. If linksin
the chain are distorted, the chain hoist has
probably been overloaded. Make sure the hoist
Isin good repair before attempting to lift a load.

HAND-OPERATED RATCHET
LEVER HOISTS

Hand-operated ratchet lever hoists (fig. 3-42),
more commonly called come-a-longs, are similar
to the chain hoist. The main difference is that you
operate a ratchet handle to move the load vice a
chain. The direction of movement is changed by
alever on the side of the unit or in the handle.

Compared to the chain hoist, the come-a-long
is smaller because of the size difference of the top



portion of the units. The come-a-long isused in PUSH-PULL HYDRAULIC JACK
maintenance as is the chain hoist; however,

because the ratchet mechanism does not alow for A push-pull hydraulic jack, commonly called
minima movements, it is NOT recommended for a port-a-power, consists of a pump and ram
use in the alignment of parts. connected by a flexible hose (fig. 3-43). Jacks of
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LEVER Y

DIRECTION
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ROLLER CHAIN LINK CHAIN WIRE

Figure 3-42.—Hand-operated ratchet lever hoist (come-a-long).
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226.27.1
Figure 3-43.—Push-pull hydraulic jack (port-a-power).
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this type are rated at 2-, 7-, 20-, 30-, and 100-ton
capacities and have diversified applications. These
jacks are furnished with an assortment of
attachments. These attachments enable you to
perform countless pushing, pulling, lifting, press-
ing, bending, spreading, and clamping operations.
The pump is hand operated. A flexible hydraulic
hose allows you to operate the ram in any desired
position and from a safe distance. Y ou can retract
the ram automatically by turning a single control
valve.

When using the port-a-power to raise a part,
make certain no one is under the part. Keep
fingers away from all moving parts. Be sure to
place blocking or other supports under the part
when it is raised to the desired height to prevent
it from dropping if the jack fails. Before using
a hydraulic jack of any type, make sureit is filled
with fluid and has no apparent leaks.

CRANES

As a general rule, the cranes you use are
located pierside. The crane is used when equip-
ment must be moved to a pierside facility, such
as a shore intermediate maintenance activity
(SIMA), for overhaul. The ship’s personnel
generally moves any equipment to the main deck
of your ship, and then the crane operator off-
loads it. Obviously, when removing a GTE, the
ship’s personnel do not move the engine topside.
In this situation, the crane drops its hook down
the inlet plenum of the GTE. Specid rails are
installed in the inlet plenum to facilitate the
removal.
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NOTE: Beforeyou use any of the hoisting
and lifting devices, ensurethat they arein
good working order. If you use beam
clamps, C-clamps, or wire straps, make
sure they are secured properly and in good
condition before attaching the lifting
devices to them.

SUMMARY

In this chapter we have introduced you to
some of the tools and test equipment that you will
use during maintenance or while performing
operational checks. We have not covered
al of the equipment you will use because
either you are already familiar with them
or they are specialized equipment for use in
specific instances. One example of this specialized
equipment is the special support equipment for
the LM2500 GTE. NAVSEA Technica Manual
S9234-AA-MMA-000/LM2500 covers the specia
equipment used in conjunction with the LM2500
GTE. It will provide you with a good description
of the function of this equipment.

You will find that an in-depth knowledge of
test equipment is especially useful in
troubleshooting equipment problems, and an
understanding of the use of the correct tools at
the proper time will make you a more efficient
technician. Remember, for further information
refer to Use and Care of Hand Tools and Measuring Tools,
NAVEDTRA 12085, and Navy Electricity and Electronics
Training Series (NEETS), modules 1, 3, and 16.
You should also consult each equipment’s
technical manual for the correct test equipment
operation and proper use.



CHAPTER 4

ELECTRICAL THEORY
AND MECHANICAL THEORY

In this chapter we will discuss electrical theory
and mechanical theory and how you will use these
theories in the everyday performance of your
assigned tasks. During our discussion we will
demonstrate a few examples of the theories that
are pertinent and/or necessary to you at your
level of training. You need to understand the
basic laws and principles of electrica theory and
mechanical theory to form a foundation for the
further development of your knowledge. It
is our intention to ensure you understand the
basics before you attempt the practical application
of these theories. The practical application of
electrical theory and mechanical theory will be
discussed in later chapters. To fully grasp and
understand the laws and principles discussed in
this chapter, you should be familiar with the
knowledge provided in the NEETS training
modules 1 through 5 and Basic Machines,
NAVEDTRA 10624-A.

After studying this chapter, you should be able
to (1) state the pertinent laws and principles of
electrical theory (Ohm'’s, Kirchhoff’'s, Coulomb’s,
and the law of magnetism); (2) recognize the
requirements needed to produce and the various
methods used for electric power generation; (3)
state the basic laws and principles of mechanical
theory (Charles's, Boyle's, Pascd’s, and Newton's
first, second, and third laws, and Bernoulli’s
principle); (4) describe energy and explain its
different forms; (5) relate the theory of leverage
to the moving and lifting of objects; (6) recognize
the different temperature scales and point
out their relationship to each other; and
(7) identify the different types of pressure (gauge,
atmospheric, barometric, and absolute) and point
out their relationship to each other.

ELECTRICAL THEORY
Electrical theory is just that, THEORY.

Presently, little more is known than the ancient
Greeks knew about the fundamental nature of
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electricity, but tremendous strides have been made
in harnessing and using it. Elaborate theories
concerning the nature and behavior of electricity
have been advanced and have gained wide
acceptance because of their apparent truth and
demonstrated workability.

LAWS

By learning the rules and laws applying to the
behavior of eectricity and by understanding the
methods used to produce and control electricity,
you may learn about electricity without ever
having determined its fundamental identity. Your
persistence and ability to sort out facts and ask
detailed questions will determine how thoroughly
you understand electrical theory and laws,
and how they pertain to you. For an indepth
discussion of the basic laws of electricity, you
should study NEETS, module 1.

Ohm’s Law

In the early part of the nineteenth century,
George Simon Ohm proved by experiment that
a precise relationship exists between current,
voltage, and resistance. This relationship is called
Ohm’s law. It states that

the current in a circuit isDIRECTLY
proportional to the applied voltage and
INVERSELY proportional to the circuit
resistance.

Simply stated, this means that as the resistance
in a circuit increases, the current decreases
proportionaly.

Kirchhoff’'s Voltage Law

In 1847, G. R. Kirchhoff extended the use of
Ohm's law by developing a simple concept



concerning the voltages contained in a series loop.
Kirchhoff's law states that

the algebraic sum of the voltage dropsin
any closed path in a circuit and the
electromotive forces in that path are equal
to zero.

To state Kirchhoff’'s law another way, the
voltage drops and voltage sources in a circuit are
equal at any given moment in time. If the voltage
sources are assumed to have one sign (positive or
negative) at that instant and the voltage drops are
assumed to have the opposite sign, the result of
adding the voltage sources and voltage drops will
be zero. For more detailed information on the use
and application of Kirchhoff’s law, refer to
chapter 3 of NEETS, module 1.

NOTE: In applying Kirchhoff’'slaw to
direct current (dc) circuits, the term
electromotive force (emf) applies to voltage
sources, such as batteries or power
supplies. Kirchhoff’'s law is also used in
alternating current (ac) circuits (which are
covered in NEETS, module 2).

Coulomb’s Law

The relationship between attracting or
repelling charged bodies was first discovered by
a French scientist named Charles A. Coulomb.
Coulomb’s law states that

charged bodies attract or repel each other
with a force that is directly proportional
to the product of their individual char ges,
and is inversely proportional to the square
of the distance between them.

Simply stated, the amount of attracting or
repelling force which acts between two electrically
charged bodies in free space depends on two
things-() their charges and (2) the distance
between them.

Law of Magnetism

To properly understand the principles of
electricity, you need to understand magnetism and
the effects of magnetism on electrical equipment.
Magnetism and electricity are so closely related
that knowledge of either subject would be
incomplete without at least a basic knowledge of
the other.

Much of today’s modern electrical and
electronic equipment could not function without
magnetism. Modern computers, tape recorders,
and video reproduction equipment use magnetized
tape and/or discs. High-fidelity speakers use
magnets to convert amplifier outputs into audible
sound. Electrical motors use magnets to convert
electrical energy into mechanical motion;
generators use magnets to convert mechanical
motion into electrical energy. Smply stated, the
law of magnetism states that

like poles repel, unlike poles attract.

MAGNETIC FIELDS—The space surround-
ing a magnet where magnetic forces act is known
as the magnetic field. You can prove that the
magnetic field is very strong at the poles and
weakens as the distance from the poles increases
by conducting simple experiments. It will aso be
apparent that the magnetic field extends from one
pole to the other, constituting a loop about the
magnet.

Although magnetic lines of force are im-
aginary, asimplified version of many magnetic
phenomena can be explained by assuming the
magnetic lines to have certain rea properties. The
lines of force can be compared to rubber bands,
which stretch outward when a force is exerted
upon them and contract when the force is
removed. The characteristics of magnetic lines of
force can be described as follows:

1. Magnetic lines of force are continuous and
will always form closed loops.

2. Magnetic lines of force will never cross one
another.

3. Parallel magnetic lines of force traveling
in the same direction repel one another. Parallel
magnetic lines of force traveling in opposite
directions tend to unite with each other and form
into single lines traveling in a direction determined
by the magnetic poles creating the lines of force.

4. Magnetic lines of force tend to shorten
themselves. Therefore, the magnetic lines of force
existing between two unlike poles cause the poles
to be pulled together.

5. Magnetic lines of force pass through all
materials, both magnetic and nonmagnetic.

6. Magnetic lines of force always enter or
leave a magnetic material at right angles to the
surface.

MAGNETIC EFFECTS—The total number
of magnetic lines of force leaving or entering the



pole of a magnet is called the MAGNETIC
FLUX. The number of flux lines per unit area is
known as FLUX DENSITY. The intensity of a
magnetic field is directly related to the magnetic
force exerted by the field. The force between two
poles is directly proportional to the product of
the pole strengths and inversely proportional to
the square of the distance between the two poles.

Magnetism can be induced in a magnetic
material by severa means. The magnetic material
may be placed in the magnetic field, brought
into contact with a magnet, or stroked by a
magnet. Stroking and contact both indicate
actual contact with the material but are considered
in magnetic studies as magnetizing by
INDUCTION.

MAGNETIC SHIELDING.—There is no
known INSULATOR for magnetic flux. If a non-
magnetic material is placed in amagnetic field,
there is no appreciable change in flux-that is,
the flux penetrates the nonmagnetic material. If
a magnetic material (for example, soft iron) is
placed in a magnetic field, the flux may be
redirected to take advantage of the greater
permeability of the magnetic material, as shown
in figure 4-1. Permeability is the quality of a
substance that determines the ease with which it
can be magnetized.

The sensitive mechanisms of electric instru-
ments and meters can be influenced by stray
magnetic fields, which will cause errorsin their
readings. Because instrument mechanisms cannot
be insulated against magnetic flux, it is necessary
to employ some means of directing the flux
around the instrument. This is accomplished by
placing a soft-iron case, called a MAGNETIC
SCREEN or SHIELD, about the instrument.
Because the flux is established more readily
through the iron (even though the path is longer)

Figure 4-1.—Effects of a magnetic substance in a magnetic
field.

than through the air inside the case, the instru-
ment is effectively shielded, as shown by the watch
and soft-iron shield in figure 4-2.

For further information on magnetism, you
should refer to NEETS, module 1.

ELECTRICAL POWER GENERATION

A generator is a machine that converts
mechanical energy to electrical energy using the
principle of magnetic induction. This principle is
based on the fact that

if a conductor ismoved within a magnetic
field in such a way that the conductor cuts
across magnetic lines of force, voltage is
generated in the conductor.

The AMOUNT of voltage generated depends
on (1) the strength of the magnetic field, (2) the
angle at which the conductor cuts the magnetic
field, (3) the speed at which the conductor is
moved, and (4) the length of the conductor within
the magnetic field.

The POLARITY of the voltage depends
on the direction of the magnetic lines of
flux and the direction of movement of the
conductor.
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Figure 4-2—Magnetic shield.



Methods of Producing Electrical Power

The following is alist of the six most common
methods of producing emf. Some of these
methods are much more widely used than others.
We will first define the methods for you, and then
we will discuss them in more detail.

1. MAGNETISM—Voltage produced in a
conductor when the conductor moves through a
magnetic field, or when a magnetic field moves
through the conductor in such a manner as to cut
the magnetic lines of force of the field.

2. FRICTION—Voltage produced by rubbing
two materials together.

3. PRESSURE (piezoelectricity)—Voltage
produced by squeezing crystals of certain
substances.

4. HEAT (thermoelectricity)—Voltage pro-
duced by heating the joint (junction) where two
unlike metals are joined.

5. LIGHT (photoelectricity)—Voltage pro-
duced by light striking photosensitive (light
sensitive) substances.

6. CHEMICAL ACTION—Voltage pro-
duced by chemical reaction in a battery cell.

VOLTAGE PRODUCED BY MAGNET-
| SM.—Magnets or magnetic devices are used for
thousands of different jobs. One of the most
useful and widely employed applications of
magnets is in the production of vast quantities of
electric power from mechanical sources. The
mechanical power may be provided by a number
of different sources, such as gasoline or diesel
engines and water or steam turbines. However,
the final conversion of these source energies to
electricity is done by generators employing the
principle of electromagnetic induction. We will
discuss here the fundamental operating principle
of al such electromagnetic induction generators.

To begin with, three fundamental conditions
must exist before a voltage can be produced by
magnetism. These conditions are

1. aCONDUCTOR, in which the voltage will
be produced,

2. a MAGNETIC FIELD in the conductor’'s
vicinity, and

3. a RELATIVE MOTION between the field
and the conductor. The conductor must be moved
S0 as to cut across the magnetic lines of force, or
the field must be moved so that the lines of force
are cut by the conductor.

MAGNET

MAGNETIC

COPPER WIRE
CONDUCTOR

7,
DIRECTION

F
A OF MOTION

% MOTION

REVERSED

Figure 4-3.—Voltage produced by magnetism.
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According to these conditions, when a con-
ductor or conductors move across a magnetic field
S0 asto cut the lines of force, electrons within the
conductor are impelled in one direction or
another. Thus, an €electric force, or voltage, is
Created.

In figure 4-3, note the presence of the three
conditions needed for creating an induced voltage:

1. There is a conductor (copper wire).

2. There is a magnetic field between the poles
of the C-shaped magnet.

3. There is relative motion. The wire is moved
back and forth ACROSS the magnetic
field.

In figure 4-3, view A, the conductor is
moving TOWARD the front of the page. The
right-hand end becomes negative, and the |eft-
hand end becomes positive. This occurs because
of the magnetically induced emf acting on the
electrons in the copper. The conductor is
stopped, view B, motion is eliminated (one of the
three required conditions), and there is no longer
an induced emf. Consequently, there is no longer
any difference in potential between the two ends
of the wire. The conductor at view C is moving
away from the front of the page. An induced emf
is again created. However, note carefully that
the REVERSAL OF MOTION has caused a
REVERSAL OF DIRECTION in the induced
emf.

If a path for electron flow is provided between
the ends of the conductor, electrons will leave the
negative end and flow to the positive end. This
condition is shown in view D. Electron flow will
continue as long as the emf exists. In studying
figure 4-3, note that the induced emf could also
have been created by holding the conductor
stationary and moving the magnetic field back and
forth.

VOLTAGE PRODUCED BY FRICTION.—
This is the least used of the six methods of
producing voltages. Its main application isin Van
de Graf generators, used by some laboratories to
produce high voltages. As a rule, friction
electricity (often referred to as static electricity)
IS a nuisance. For instance, a flying aircraft
accumulates electric charges from the ‘friction
between its skin and the passing air. These charges
often interfere with radio communication, and

under some other circumstances can even cause
physical damage to the aircraft. Most individuals
are familiar with static electricity and have
probably received unpleasant shocks from
friction electricity upon sliding across dry seat
covers or walking across dry carpets, and then
coming in contact with some other object.

VOLTAGE PRODUCED BY PRESSURE.—
This action is referred to as piezoelectricity. It is
produced by compressing or decompressing
crystals of certain substances. To study this form
of electricity, the meaning of the word crystal
must first be understood. In a crystal, the
molecules are arranged in an orderly and uniform
manner. Figure 4-4 shows a substance in its non-
crystallized state and its crystallized state.

For the sake of simplicity, assume that the
molecules of this particular substance are spherical
(ball-shaped). In the noncrystallized state, view
A, note that the molecules are arranged
irregularly. In the crystallized state, view B, the
molecules are arranged in a regular and uniform
manner. This illustrates the major physical
difference between crystal and noncrystal forms
of matter. Natural crystalline matter is rare; an
example of matter that is crystalline in its natural
form is diamond, which is crystalline carbon.
Most crystals are manufactured.

Crystals of certain substances, such as
Rochelle st or quartz, exhibit peculiar electrical
characteristics. These characteristics, or effects,
are referred to as piezoelectric. For instance,
when a crystal of quartz is compressed, as in

CRYSTALLIZED MATTER
B

Figure 4-4—Molecules of noncrystallized and crystallized
matter.



figure 4-5, view A, electrons tend to move through
the crystal as shown. This tendency creates an
electrical difference of potential between the two
opposite faces of the crystal. (The fundamental
reasons for this action are not known. However,
the action is predictable, and therefore useful.)
If an external wire is connected while the pressure
and emf are present, electrons will flow. If the
pressure is held constant, the electron flow will
continue until the charges are equalized. When

{} QUARTZ CRYSTAL
COMPRESSED

N

ELECTRON
FLOW

{}  QUARTZ CRYSTAL
- DECOMPRESSED

N

ELECTRON
FLOW

Figure 4-5.—Quartz crystal. A. Compressed. B. De-
compr essed.

HOT
JUNCTION

the force is removed, the crystal is decompressed
and immediately causes an electric force in the
opposite direction, view B. Thus, the crystal is
able to convert mechanical force, either pressure
or tension, to electrical force.

The power capacity of a crystal is extremely
small. However, they are useful because of their
extreme sensitivity to changes of mechanical force
or changes in temperature. Due to other
characteristics not mentioned here, crystals are
most widely used in communication equipment.

VOLTAGE PRODUCED BY HEAT.—
When a length of metal, such as copper, is heated
at one end, electrons tend to move away from the
hot end toward the cooler end. Thisis true of most
metals. However, in some metals, such asiron,
the opposite takes place and electrons tend to
move TOWARD the hot end. Figure 4-6 shows
this characteristic. The negative charges (electrons)
are moving through the copper away from the
heat and through the iron toward the heat. They
cross from the iron to the copper at the hot
junction and from the copper through the
current meter to the iron at the cold junction. This
device is generally referred to as a thermocouple.

Thermocouples have somewhat greater power
capacities than crystals, but their capacity is still
very small if compared to some other sources. The
thermoelectric voltage in a thermocouple depends
mainly on the difference in temperature between

Figure 4-6.—Voltage produced by heat.



the hot and cold junctions. Consequently, they
are widely used to measure temperature and as
heat-sensing devices in automatic tempererature
control equipment. Thermocouples generally can
be subjected to much greater temperatures than
ordinary thermometers, such as the mercury or
alcohol types.

VOLTAGE PRODUCED BY LIGHT.—
When light strikes the surface of a substance, it
may dislodge electrons from their orbits around
the surface atoms of the substance. This occurs
because the light has energy, the same as any
moving force.

Some substances, mostly metallic ones, are far
more sensitive to light than others. That is, more
electrons will be dislodged and emitted from the
surface of a highly sensitive metal, with a given
amount of light, than will be emitted from a less
sensitive substance. Upon losing electrons, the
photosensitive (light sensitive) metal becomes
positively charged, and an electric force is created.
Voltage produced in this manner is referred to as
a photoelectric voltage.

The photosensitive materials most commonly
used to produce a photoelectric voltage are various
compounds of silver oxide or copper oxide. A
complete device that operates on the photo-
electric principle is referred to as a photoelectric
cell. Many sizes and types of photoelectric cells
are in use, each of which serves the special
purpose for which it was designed. Nearly all,
however, have some of the basic features of the
photoelectric cells shown in figure 4-7.

The cdll (fig. 4-7, view A) has a curved light-
sensitive surface focused on the central anode.
When light from the direction shown strikes the
sensitive surface, it emits electrons toward the
anode. The more intense the light, the greater is
the number of electrons emitted. When a wire is
connected between the filament and the back, or
dark side, the accumulated electrons will flow to
the dark side. These electrons will eventually pass
through the metal of the reflector and replace the
electrons leaving the light-sensitive surface. Thus,
light energy is converted to a flow of electrons,
and a usable current is devel oped.

The cell (fig. 4-7, view B) is constructed in
layers. A base plate of pure copper is coated with
light-sensitive copper oxide. An additional
semitransparent layer of metal is placed over the
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Figure 4-7.—Voltage produced by light.

copper oxide. This additional layer serves two
purposes:

1. It is EXTREMELY thin to permit the
penetration of light to the copper oxide.

2. It aso accumulates the electrons emitted
by the copper oxide.

An externally connected wire completes the
electron path, the same as in the reflector type
of cell. The photocell’s voltage is used as needed
by connection of the external wires to some other
device, which amplifies (enlarges) it to a usable
level.

A photocell’s power capacity is very small.
However, it reacts to light-intensity variations in
avery short time. This characteristic makes the
photocell very useful in detecting or accurately
controlling a great number of processes or
operations. For instance, the photoelectric
cell, or some form of the photoelectric principle,
is used in television cameras, automatic
manufacturing process controls, door openers,
burglar alarms, and so forth.

VOLTAGE PRODUCED BY CHEMICAL
ACTION .— Up to this point, it has been shown



that electrons may be removed from their parent
atoms and set in motion by energy derived from
a source of magnetism, friction, pressure, heat,
or light. In general, these forms of energy do not
ater the molecules of the substance being acted
upon. That is, molecules are not usually added,
taken away, or split up when subjected to these
four forms of energy. Only electrons are involved.

When the molecules of a substance are altered,
the action is referred to as CHEMICAL. For
instance, if the molecules of a substance combines
with atoms of another substance, or gives up
atoms of its own, the action is chemical in nature.
Such action always changes the chemical hame
and characteristics of the substance affected. For
instance, when atoms of oxygen from the air come
in contact with bare iron, they merge with the
molecules of iron. This iron is oxidized. It
has changed chemically from iron to iron oxide,
or rust. Its molecules have been atered by
chemical action.

In some cases, when atoms are added to or
taken away from the molecules of a substance,
the chemical change will cause the substance to
take on an electric charge. The process of
producing a voltage by chemical action is used in
batteries.

Left-Hand Rule For Generators

In the preceding section we gave you a basic
overview of voltage generation. This section will
explain and demonstrate the left-hand rule for
generators.

The left-hand rule for generators is a good
representation of the relationships between
motion, magnetic force, and resultant current in
the generation of a voltage. By using this rule,
you may find any of the three quantities if the
other two are known. Thisrule is explained in the
following manner.

Extend the thumb, forefinger, and middle
finger of your left hand at right angles to one
another, as shown in figure 4-8. Point your thumb
in the direction the conductor is being moved.
Point your forefinger in the direction of magnetic
flux (from north to south). Y our middle finger
will then point in the direction of current flow in
an external circuit to which the voltage is applied.

The more complex aspects of power genera-
tion by use of mechanical motion and magnetism
are discussed indepth in module 5 of the NEETS
series.
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Figure 4-8.—L eft-hand rule for generators.

MECHANICAL THEORY

To understand basic mechanical theory, you
must be familiar with the physics concepts used.
In the following paragraphs we will discuss some
of the laws and principles that will enable you to
better understand these concepts.

LAWS AND PRINCIPLES

In this section we will first define, and then
explain, the basic laws and principles of
mechanical theory.

® CHARLES'S LAW: If the pressure is
constant, the volume of an enclosed dry gas varies
directly with the absolute temperature.

e BOYLE'S LAW: The volume of an
enclosed gas varies inversely with the applied
pressure, provided the temperature remains
constant.

e NEWTON'SLAWS: Thefirst law states
that a body at rest tends to remain at rest. A body
in motion tends to remain in motion. The second
law states that an imbalance of force on a body
tends to produce an acceleration in the direction
of the force. The acceleration, if any, isdirectly
proportional to the force and inversely pro-
portional to the mass of the body. Newton's third
law states that for every action thereis an equal
and opposite reaction.



@ PASCAL’'S LAW: Pressure exerted at any
point upon an enclosed liquid is transmitted
undiminished in all directions.

e BERNOULLI'S PRINCIPLE: If an
incompressible fluid flowing through a tube
reaches a constriction, or narrowing of the
tube, the velocity of fluid flowing through the
constriction increases and the pressure decreases.

Charles'sLaw

Jacques Charles, a French scientist, provided
much of the foundation for the modern kinetic
theory of gases. He found that, if the pressure
is held constant, all gases expand and contract in
direct proportion to the change in the absolute
temperature. Any change in the temperature of
a gas causes a corresponding change in volume.
Therefore, if a given sample of a gas were heated
while confined within a given volume, the pressure
should increase. Actual experiments found that
for each 1°C increase in temperature, the increase
in pressure was about 1/273 of the pressure at
0°C. Thus, it is norma practice to state this
relationship in terms of absolute temperature. In
equation form, this part of the law becomes

P.T, = PoTy,
where
P = pressure, and
T = temperature.

In words, this equation states that with a
constant volume, the absolute pressure of an
enclosed gas varies directly with the absolute
temperature. Remember, when using this for-

mula, you must convert stated pressures and
temperatures to absolute values.

Boyle's Law

Compressibility is an outstanding charac-
teristic of gases. Robert Boyle, an English
scientist, was among the first to study this
characteristic. He called it the “springiness’ of
air. He discovered that when the temperature of
an enclosed sample of gas was kept constant and
the pressure doubled, the volume was reduced to
half the former value. As the applied pressure was
decreased, the resulting volume increased. From

these observations he concluded that for a
constant temperature the product of the volume
and pressure of an enclosed gas remains constant.
This conclusion became Boyl€e's law.

You can demonstrate Boyle's law by confining
aquantity of gasin acylinder that has atightly
fitted piston. Apply force to the piston so as to
compress the gas in the cylinder to some specific
volume. If you double the force applied to the
piston, the gas will compress to one half its
origina volume (fig. 4-9).

Changes in the pressure of a gas also affect
the density. As the pressure increases, its volume
decreases; however, there is no change in the
weight of the gas. Therefore, the weight per unit
volume (density) increases. So it follows that the
density of a gas varies directly with the pressure if
the temperature is constant.

Newton’s Laws

Sir Isaac Newton was an English philosopher
and mathematician who lived from 1642 to 1727
A.D. He was the formul ator of the basic laws of
modern philosophy concerning gravity and
motion.

NEWTON’'S FIRST LAW.—Newton's first
law states that a body at rest tends to remain at
rest. A body in motion tends to remain in
motion. Thislaw can be demonstrated easily in
everyday use. For example, a parked automobile
will remain motionless until some force causes it
to move-a body at rest tends to remain at rest.
The second portion of the law-a body in
motion tends to remain in motion-can be
demonstrated only in a theoretical sense. The
same car placed in motion would remain in

GAS

Figure 4-9.—Gas compressed to half its original volume by
a double force.



motion (1) if all air resistance were removed,
(2) if no friction were in the bearings, and (3) if
the surface were perfectly level.

NEWTON’'S SECOND LAW.—Newton's
second law states that an imbalance of force on
a body tends to produce an acceleration in the
direction of the force. The acceleration, if any,
is directly proportiona to the force. It isinversely
proportional to the mass of the body. This law
can be explained by throwing a common softball.
The force required to accelerate the ball to a rate
of 50 ft/sec” would have to be doubled to obtain
an acceleration rate of 100 ft/sec”. However, if
the mass of the ball were doubled, the original
acceleration rate would be cut in half. Y ou would
have 50 ft/sec” reduced to 25 ft/sec’.

NEWTON'S THIRD LAW.-—Newton's third
law states that for every action thereis an equal
and opposite reaction. You have demonstrated
this law if you have ever jumped from a boat up
to adock or a beach. The boat moved opposite
to the direction you jumped. The recoil from
firing a shotgun is another example of action-
reaction. Figure 4-10 depicts these examples.

In an airplane, the greater the mass of air
handled by the engine, the more it is accelerated
by the engine. The force built up to thrust the
plane forward is also greater. In a gas turbine,
the thrust velocity can be absorbed by the turbine
rotor and converted to mechanical energy. This
is done by adding more and progressively larger
power turbine wheels.

Pascal’s Law

Blaise Pascal was a French philosopher and
mathematician who lived from 1623 to 1662 A.D.
Hiswork, simply stated, could be interpreted as
pressure exerted at any point upon an enclosed
liquid is transmitted undiminished in all
directions.

Pasca’s law governs the BEHAVIOR of the
static factors concerning noncompressible fluids
when taken by themselves.

Bernoulli’s Principle

Jacques (or Jakob) Bernoulli was a Swiss
philosopher and mathematician who lived
from 1654 to 1705 A.D. He worked extensively
with hydraulics and the pressure-temperature
relationship. Bernoulli’s principle governs the
RELATIONSHIP of the static and dynamic
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Figure 4-10.—Newton’s third law of motion.

factors concerning noncompressible fluids.
Consider the system shown in figure 4-11.
Chamber A is under pressure and is connected
by a tube to chamber B, which is also under
pressure. Chamber A is under static pressure
of 100 psi. The pressure at some point, X,
along the connecting tube consists of avelocity
pressure of 10 psi. Thisisexerted in adirection
parallel to the line of flow. Added is the
unused static pressure of 90 psi, which obeys
Pascal’s law and operates equally in all directions.
As the fluid enters chamber B from the
constricted space, it is slowed down. In so
doing, its velocity head is changed back to
pressure head. The force required to absorb
the fluid’s inertia equals the force required to
start the fluid moving originally. Therefore, the
static pressure in chamber B is again equal to
that in chamber A. It was lower at intermediate
point X.
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Figure 4-11.—Relationship of static and dynamic factors—
Bernoulli’s principle.

Figure 4-11 disregards friction and it is not
encountered in actual practice. Force or head is
also required to overcome friction. But, unlike
inertia effect, this force cannot be recovered again
although the energy represented still exists
somewhere as heat. Therefore, in an actual system
the pressure in chamber B would be less than in
chamber A. This is a result of the amount of
pressure used in overcoming friction along the
way.
At dl points in a system the static pressure is
always the original static pressure LESS any
velocity head at the point in question. It is also
LESS the friction head consumed in reaching that
point. Both velocity head and friction represent
energy that came from the original static head.
Energy cannot be destroyed. So, the sum of the
static head, velocity head, and friction at any
point in the system must add up to the original
static head. This, then, is Bernoulli’s principle;
more simply stated, if a noncompressible fluid
flowing through a tube reaches a constriction, or
narrowing of the tube, the velocity of fluid flow-
ing through the constriction increases, and the
pressure decreases.

ENERGY

Can you define energy? Although everyone
has a general idea of the meaning of energy, a
good definition is hard to find. Most commonly,
perhaps, energy is defined as the capacity for
doing work. This is not a very complete
definition. Energy can produce other effects which
cannot possibly be considered work. For example,
heat can flow from one object to another without
doing work; yet heat is a form of energy, and the
process of heat transfer is a process that produces
an effect.

A better definition of energy, therefore, states
that energy is the capacity for producing an effect.
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Energy exists in many forms. For convenience,
we usually classify energy according to the size
and nature of the bodies or particles with which
it is associated. Thus we say that MECHANICAL
ENERGY is the energy associated with large
bodies or objects-usually, things that are big
enough to see. THERMAL ENERGY is energy
associated with molecules. Chemical energy is
energy that arises from the forces that bind the
atoms together in a molecule. Chemical energy
is demonstrated whenever combustion or any
other chemical reaction takes place. Electrical
energy, light, X rays, and radio waves are
examples of energy associated with particles that
are even smaller than atoms.

Each of these types of energy (mechanical
energy, thermal energy, and so forth) must also
be classified as being either stored energy or
energy in transition.

STORED ENERGY can be thought of as
energy that is actually contained in or stored in
a substance or system. There are two kinds of
stored energy: (1) potential energy and (2) kinetic
energy. When energy is stored in a substance or
system because of the relative POSITIONS of two
or more objects or particles, we call it potential
energy. When energy is stored in a substance or
system because of the relative VELOCITIES of
two or more objects or particles, we cal it kinetic
energy.

If you do not completely understand this
classification, come back to it from time to time
as you read the following sections on mechanical
energy and thermal energy. The examples and
discussion given in the following sections will
probably help you understand this classification.

Mechanical Energy

Let's consider the two stored forms of
mechanical energy. Mechanica POTENTIAL
energy exists because of the relative positions of
two or more objects. For example, a rock resting
on the edge of a cliff in such a position that it
will fall freely if pushed has mechanical
potential energy. Water at the top of a dam has
mechanical potential energy. A ded that is being
held at the top of an icy hill has mechanical
potential energy.

Mechanical KINETIC energy exists because
of the relative velocities of two or more objects.
If you push that rock, open the gate of the dam,
or let go of the sled, something will move. The
rock will fall; the water will flow; the sled will slide
down the hill. In each case the mechanical



potential energy will be changed to mechanical
kinetic energy. Another way of saying thisis that
the energy of position will be changed to the
energy of motion.

In these examples, you will notice that an
external source of energy is used to get things
started. Energy from some outside source is
required to push the rock, open the gate of the
dam, or let go of the ded. All real machines and
processes require this kind of boost from an
energy source outside the system. For example,
there is a tremendous amount of chemical energy
stored in fuel oil; but this energy will not turn the
power turbine until you have expended some
energy to start the oil burning. Similarly, the
energy in any one system affects other energy
systems. However, it is easier to learn the basic
principles of energy if we forget about all the
energy systems that might be involved in or
affected by each energy process. In the examples
given in this chapter, therefore, we will consider
only one energy process or energy system at a
time, disregarding both the energy boosts that
may be received from outside systems and the
energy transfers that may take place between the
system we are considering and other systems.

Notice that both mechanical potential energy
and mechanical kinetic energy are stored forms
of energy. It is easy to see why we regard
mechanical potential energy as being stored, but
it is not so easy to see the same thing about
mechanical kinetic energy. Part of the trouble
comes about because mechanical kinetic energy
is often referred to as the energy of motion, thus
leading to the false conclusion that energy in
transition is somehow involved. Thisis not the
case, however. Work is the only form of
mechanical energy that can be properly considered
as energy in transition.

If you have trouble with the idea that
mechanical kinetic energy is stored, rather than
in transition, think of it like this: A bullet that
has been fired from a gun has mechanical kinetic
energy because it isin motion. The faster the bullet
is moving, the more kinetic energy it has. There
is no doubt in anybody’s mind that the bullet has
the capacity to produce an effect, so we may safely
say that it has energy. Although the bullet is not
in transition, the energy of the bullet is not
transferred to any other object or system until the
bullet strikes some object that resists its passage.
When the bullet strikes against a resisting object,
then, and only then, can we say that energy in
transition exists, in the form of heat and work.
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In this example, we are ignoring the fact that
some work is done against the resistance of the
air and that some heat results from the passage
of the bullet through the air. But this does not
change the basic idea that kinetic energy is stored
energy rather than energy in transition. The air
must be regarded as a resisting object, which
causes some of the stored kinetic energy of the
bullet to be converted into energy in transition
(heat and work) while the bullet is passing through
the air. However, the magjor part of the stored
kinetic energy does not become energy in
transition until the bullet strikes an object firmer
than air which resists its passage.

Mechanical potential energy is measured in
foot-pounds. Consider, for example, the rock at
the top of the cliff. If the rock weighs 5 pounds
and if the distance from the rock to the earth at
the base of the cliff is 100 feet, 500 foot-pounds
of mechanical potential energy exist because of
the relative positions of the rock and the earth.
Another way of expressing this idea is by the
formula

PE = W x D,
where
PE = tota potentia energy of the object (in
foot-pounds),
W = total weight of the object (in pounds),
and
D = distance between the earth and the

object (in feet).

Mechanical kinetic energy is also measured in
foot-pounds. The amount of kinetic energy
present at any one timeisdirectly related to the
velocity of the moving object and to the weight
of the moving object.

Mechanica potential energy can be changed
into mechanical kinetic energy. If you push that
5-pound rock over the edge of the 100-foot cliff,
it beginsto fall, and as it falls, it loses potential
energy and gains kinetic energy. At any given
moment, the total amount of mechanica energy
(potential plus kinetic) stored in the system is the
same—that is, 500 foot-pounds. But the pro-
portions of potential energy and kinetic energy
are changing all the time as the rock is falling.
Just before the rock hits the earth, all the stored
mechanical energy is kinetic energy. As the rock
hits the earth, the kinetic energy is changed into
energy in transition—that is, work and heat.



Mechanical kinetic energy can likewise be
changed into mechanical potential energy. For
example, suppose you throw a baseball straight
up in the air. The ball has kinetic energy while
it is in motion, but the amount of kinetic energy
decreases and the amount of potential energy
increases as the ball travels upward. When the ball
has reached its uppermost position, just before
it starts its fall back to earth, it has only
potential energy. Then, as it fals back toward the
earth, the potential energy is changed into kinetic
energy again.

Mechanical energy in transition is called
WORK. When an object is moved through a dis-
tance against aresisting force, we say that work
has been done. The formula for calculating work
is

W =FxD,
where

W = work,

F = force, and

D = distance.

Asyou can see from this formula, you need
to know how much force is exerted and the
distance through which the force acts before you
can find how much work is done. The unit of
force is the pound. When work is done against
gravity, the force required to move an object is
equal to the weight of the object. Why? Because
weight is a measure of the force of gravity or, in
other words, a measure of the force of attraction
between an object and the earth. How much work
will you do if you lift that 5-pound rock from the
bottom of the 100-foot cliff to the top? Y ou will
do 500 foot-pounds of work-the weight of the
object (5 pounds) times the distance (100 feet) that
you move it against gravity.

We also do work against forces other than the
force of gravity. When you push an object across
the deck, you are doing work against friction. In
this case, the force you work against is not only
the weight of the object, but also the force
required to overcome friction and dlide the
object over the surface of the deck.

Notice that mechanical potential energy,
mechanical kinetic energy, and work are al
measured in the same unit, foot-pounds. One
foot-pound of work is done when a force of 1
pound acts through a distance of 1 foot. One foot-
pound of mechanical potential energy or mechan-
ical kinetic energy is the amount of energy that
is required to accomplish 1 foot-pound of work.
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The amount of work done has nothing at all
to do with how long it takes to do it. When you
lift a weight of 1 pound through a distance of
1 foot, you have done one foot-pound of work,
regardless of whether you do it in half a second
or half an hour. The rate at which work is done
is caled POWER. The common unit of measure-
ment for power is the HORSEPOWER (hp). By
definition, 1 horsepower is equal to 33,000 foot-
pounds of work per minute or 550 foot-pounds
of work per second. Thus a machine that is
capable of doing 550 foot-pounds of work per
second is said to be a 1 horsepower machine. (As
you can see, your horsepower rating would not
be very impressive if you did 1 foot-pound of
work in half an hour. Figure it out. It works out
to be just a little more than one-millionth of a
horsepower.)

Thermal Energy

All substances are composed of very small
particles called molecules. The energy associated
with molecules is called thermal energy. Thermal
energy, like mechanical energy, exists in two
stored forms and in one transitional form. The
two stored forms of thermal energy are called
(1) internal potential energy, and (2) interna
kinetic energy. Thermal energy in transition is
caled HEAT.

Although molecules are too small to be seen,
they behave in some ways pretty much like the
larger objects we considered in the discussion of
mechanical energy. Molecules have energy of
position (internal potential energy) because of the
forces which attract molecules to each other. In
this way, they are somewhat like the rock and the
earth we considered before. Molecules have
energy of motion (internal kinetic energy) because
they are constantly in motion. Thus, the two
stored forms of therma energy—internal poten-
tial energy and internal kinetic energy—are in
some ways similar to mechanical potential energy
and mechanical kinetic energy, except that
everything ison asmaller scale.

For most purposes, we will not need to
distinguish between the two stored forms of
thermal energy. Therefore, instead of referring
to internal potential energy and internal kinetic
energy, from now on we will simply use the term
internal energy. By interna energy, then, we will
mean the sum total of all internal energy stored
in the substance or system because of the motion
of the molecules and because of the forces of
attraction between molecules. Although the term



may be unfamiliar to you, you probably know
more about internal energy than you realize.
Because molecules are constantly in motion, they
exert a pressure on the walls of the pipe, cylinder,
or other object in which they are contained. Also,
the temperature of any substance arises from, and
is directly proportional to, the activity of
the molecules. Therefore, every time you read
thermometers and pressure gauges you are finding
out something about the amount of internal
energy contained in the substance. High pressures
and temperatures indicate that the molecules are
moving rapidly and that the substance therefore
has a lot of internal energy.

HEAT is amore familiar term than interna
energy, but may actualy be more difficult to
define correctly. The important thing to remember
is that heat is THERMAL ENERGY IN
TRANSITION—that is, it is therma energy that
is moving from one substance or system to
another.

An example will help to show the difference
between heat and internal energy. Suppose there
are two equal lengths of pipe made of identical
materials and containing steam at the same
pressure and temperature. One pipe is well
insulated; the other is not insulated at all. From
everyday experience you know that more heat will
flow from the uninsulated pipe than from the
insulated pipe. When the two pipes are first filled
with steam, the steam in one pipe contains exactly
as much internal energy as the steam in the other
pipe. We know this is true because the two pipes
contain equa volumes of steam at the same
pressure and at the same temperature. After a few
minutes, the steam in the uninsulated pipe will
contain much less internal energy than the steam
in the insulated pipe, as we can tell by measuring
the pressure and the temperature of the steam in
each pipe. What has happened? Stored thermal
energy-internal  energy-has moved from one
system to another, first from the steam to the
pipe, then from the uninsulated pipe to the air.
This MOVEMENT or FLOW of thermal energy
from one system to another is called heat.

A good deal of confusion exists concerning the
use of the word heat. For example, you will hear
people say that a hot object contains a lot
of heat when they really mean that it contains a
lot of interna energy. Or you will hear that heat
is added to, or removed from a substance.
Since heat 1s the FLOW of thermal energy, it can
no more be added to a substance than the flow
of water could be added to ariver. (You might
add water, and this addition might increase the
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flow; but you could hardly say that you added
flow.) The only kind of thermal energy that can
in any sense be added to or removed from a
substance is INTERNAL ENERGY.

The distinction between heat and interna
energy must be clear in your own mind before you
can understand the basic principles of a gas
turbine plant.

Energy Transformations

The machinery and equipment in the engineer-
ing plant aboard ship are designed either to carry
energy from one place to another or to change
a substance from one form to another. The
principles of energy transformations and some of
the important energy changes that occur in the
shipboard propulsion cycle are discussed in the
following paragraphs.

CONSERVATION OF ENERGY.—The
basic principle dealing with the transformation of
energy is the PRINCIPLE OF THE CON-
SERVATION OF ENERGY . This principle can
be stated in several ways. Most commonly,
perhaps, it is stated that energy can be neither
destroyed nor created, but only transformed.
Another way to state this principle Is that the total
quantity of energy in the universe is always the
same. Still another way of expressing this principle
is the equation, Energy in = Energy out.

The energy out may be quite different in form
from the energy in, but the total amount of energy
input must always equal the total amount of
energy output.

Another principle, the PRINCIPLE OF THE
CONSERVATION OF MATTER, states that
matter can be neither created nor destroyed,
but onlv transformed. As vou probablv know
the development of the atom bomb demonstrated
that matter can be converted into energy; other
developments have demonstrated that energy can
be converted into matter. Therefore, the principle
of the conservation of energy and the principle
of the conservation of matter are no longer
considered as two parts of asingle law or principle
but are combined into one principle. That prin-
ciple states that matter and energy are inter-
changeable, and the total amount of energy and
matter in the universe is constant.

The interchangeability of matter and energy
is mentioned here only to point out that the state-
ment energy in must equal energy out is not
strictly true for certain situations. However, any
noticeable conversion of matter into energy or




energy into matter can occur only under very
special conditions, which we need not consider
now. All the energy transformations that we will
deal with can be understood quite simply if we
consider only the principle of the conservation of
energy-that is, ENERGY IN MUST EQUAL
ENERGY OUT.

TRANSFORMING HEAT TO WORK.—
The energy transformation of primary interest
in the shipboard gas turbine plant is the
transformation from heat to work. To see how
this transformation occurs, we need to consider
the pressure, temperature, and volume relation-
ships which hold true for gases. These relation-
ships may be summarized as follows:

@ When the temperature is held constant,
increasing the pressure on a gas causes a pro-
portional decrease in volume. Decreasing the
pressure causes a proportional increase in
volume.

@ When the pressure is held constant,
increasing the temperature of a gas causes a pro-
portional increase in volume. Decreasing the
temperature causes a proportional decrease in
volume.

e When the volume is held constant,
increasing the temperature of a gas causes a
proportional increase in pressure. Decreasing the
temperature causes a proportional decrease in
pressure.

LEVERS/LEVERAGE

The LEVER is one of the six types of simple
machines. The others are the BLOCK, the
WHEEL AND AXLE, the INCLINED PLANE,
the SCREW, and the GEAR. Physicists recognize
only two basic “principles’ in machines, namely,
the lever and the inclined plane. The block, the
wheel and axle, and the gear may be considered
levers. The wedge and the screw use the principle
of the inclined plane. In this section we will discuss
levers and leverage only.

The simplest machine, and perhaps the one
with which you are most familiar, is the LEVER.
A seesaw is afamiliar example of alever in which
one weight balances the other. There are three
basic parts which you will find in all levers,
namely, the FULCRUM, a force or EFFORT,
and a RESISTANCE. The mechanical advantage
gained by using a lever is called LEVERAGE.
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Look at the lever in figure 4-12. You see the
pivotal point F (fulcrum); the effort (E), which
you apply at a distance (A) from the fulcrum; and
aresistance (R), which acts at a distance (a) from
the fulcrum. Distances A and a are the lever arms.
Figure 4-13 shows the three classes of levers. The
location of the fulcrum (the fixed or pivot point)
with relation to the resistance (or weight) and the
effort determines the lever class.

FIRST-CLASS LEVERS

In the first-class lever (fig. 4-13, view A), the
fulcrum is located between the effort and the
resistance. As mentioned earlier, the seesaw is a
good example of the first-class lever. The amount
of weight and the distance from the fulcrum can
be varied to suit the need. Another good example
is the oars in a rowboat. Notice that the sailor in

Figure 4-12—A simple lever.
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Figure 4-13.—Three classes of levers.



figure 4-14 applies his effort on the handles of
the oars. The oarlock acts as the fulcrum, and the
water acts as the resistance to be overcome. In
this case, asin figure 4-12, the force is applied
on one side of the fulcrum and the resistance to
be overcome is applied to the opposite side, hence
thisis afirst-class lever. Crowbars, shears, and
pliers are common examples of this class of lever.

SECOND-CLASS LEVERS

The second-class lever (fig. 4-13, view B) has
the fulcrum at one end; the effort is applied at
the other end. The resistance is somewhere
between these points. The wheelbarrow in
figure 4-15 is a good example of a second-class
lever. If you apply 50 pounds of effort to the
handles of a wheelbarrow 4 feet from the fulcrum
(wheel), you can lift 200 pounds of weight 1 foot
from the fulcrum. If the load were placed further
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Figure 4-14—Oars are levers.

Figure 4-15—This makes it easier.
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back away from the wheel, would it be easier or
harder to lift?

Both first- and second-class levers are
commonly used to help in overcoming big
resistances with arelatively small effort.

THIRD-CLASS LEVERS

Occasionally you will want to speed up the
movement of the resistance even though you have
to use alarge amount of effort. Leversthat help
you accomplish this are third-class levers. As
shown in figure 4-13, view C, the fulcrum is at
one end of the lever and the weight or resistance
to be overcome is at the other end, with the
effort applied at some point between. You can
always spot third-class levers because you will find
the effort applied between the fulcrum and the
resistance. Look at figure 4-16. It is easy to see
that while point E is moving the short distance
(e), the resistance (R) has been moved a greater
distance (r). The speed of R must have been
greater than that of E since R covered a greater
distance in the same length of time.

Your arm (fig. 4-17) is athird-class lever. It
is this lever action that makes it possible for you
to flex your arms so quickly. Your elbow isthe
fulcrum. Your biceps muscle, which ties into your
forearm about an inch below the elbow, applies
the effort; and your hand is the resistance, located
some 18 inches from the fulcrum. In the split
second it takes your biceps muscle to contract an
inch, your hand has moved through an 18-inch
arc. You know from experience that it takes a big
pull at E to overcome a relatively small resistance
at R. Just to remind yourself of this principle, try
closing a door by pushing on it about 3 or 4 inches
from the hinges (fulcrum). The moral is, you
don’t use third-class levers to do heavy jobs, you
use them to gain speed.

Figure 4-16.—A third-class lever.



Figure 4-17—Your arm is a lever.

MEASUREMENT OF
TEMPERATURE

Temperature is measured by bringing a
measuring system (such as a thermometer) into
contact with the system to be measured. Y ou will
often need to know the expansion of a liquid, the
pressure of a gas, emf, electrical resistance, or
some other mechanical, electrical, or optical
property that has a definite and known relation-
ship to temperature.

The measurement of a property other than
temperature can take us only so far in the
measuring of temperature. In noting changes in
temperature, we must be able to assign a
numerical value to any given temperature. For this
we need temperature scales. The two most familiar
temperature scales are the Celsius scale and the
Fahrenheit scale.

The Celsius scale is often called the centigrade
scale in the United States and Great Britain. By
international agreement, however, the name was
changed from centigrade to Celsius in honor of
the eighteenth-century Swedish astronomer,
Anders Celsius. The symbol for a degree on this
scale (no matter whether it is called Celsius or
centigrade) is °C. The Celsius scale takes 0°C as
the freezing point and 100°C as the boiling point
of pure water at standard sea level atmospheric
pressure. The Fahrenheit scale takes 32°F as the
freezing point and 212°F as the boiling point of
pure water at standard sea level atmospheric
pressure. The interval between the freezing point
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and the boiling point is divided into 100 degrees
on the Celsius scale and divided into 180 degrees
on the Fahrenheit scale.

Since the actual value of the interval between
the freezing point and the boiling point is
identical, the numerical readings on Celsius and
Fahrenheit thermometers have no absolute
significance and the size of the degree is arbitrarily
chosen for each scale. The relationship between
degrees Celsius and degrees Fahrenheit is given
by the formulas

F = Q°C) + 32
and

oC = O (°F _

C =3 (F - 3.

Many people have trouble remembering these
formulas, with the result that they either get them
mixed up or have to look them up in a book every
time a conversion is necessary. If you concentrate
on trying to remember the basic relationships
given by these formulas, you may find it easier
to make conversions. The essential points to
remember are these:

1. Celsius degrees are larger than Fahrenheit
degrees. One Celsius degree is equa to 1.8
Fahrenheit degrees, and each Fahrenheit degree
isonly 5/9 of a Celsius degree.

2. The zero point on the Celsius scae
represents exactly the same temperature as the
32-degree point on the Fahrenheit scale.

3. The temperatures 100°C and 212°F are
identical.

In some scientific and engineering work,
particularly where heat calculations are involved,
an absolute temperature scale is used. The zero
point on an absolute temperature scale is the point
caled ABSOLUTE ZERO. Absolute zero is
determined theoretically, rather than by actual
measurement. Since the pressure of a gas at
constant volume is directly proportiona to the
temperature, we assume that the pressure of a gas
is a valid measure of its temperature. On this
assumption, the lowest possible temperature
(absolute zero) is defined as the temperature at
which the pressure of a gas would be zero.

Two absolute temperature scales have been in
use for many years. The Rankine absolute scale
is an extension of the Fahrenheit scale; it is
sometimes called the Fahrenheit absolute scale.



Degrees on the Rankine scale are the same size
as degrees on the Fahrenheit scale, but the zero
point on the Rankine scale is a8 — 459.67°
Fahrenheit. In other words, absolute zero is zero
on the Rankine scale and — 459.67° on the
Fahrenheit scale.

A second absolute scale, the Kelvin, is more
widely used than the Rankine. The Kelvin scale
was originally conceived as an extension of the
Celsius scale, with degrees of the same size but
with the zero point shifted to absolute zero.
Absolute zero on the Celsius scale is — 273.15°.

In 1954, a new international absolute scale was
developed. The new scale was based upon one
fixed point, rather than two. The one fixed point
was the triple point of water —that is, the point
at which all three phases of water (solid, liquid,
and vapor) can exist together in equilibrium. The

triple point of water, which is 0.01°C above the
freezing point of water, was chosen because it can
be reproduced with much greater accuracy than
either the freezing point or the boiling point. On
this new scale, the triple point was given the value
273.16 K. Note that neither the word degrees nor
the symbol ° is used; instead, the units are
referred to as Kelvin and the symbol K is used
rather than the symbol °K.

In 1960 the triple point of water was finally
adopted as the fundamental reference for this
temperature scale. The scale now in use is the
international Practical Temperature Scale of 1968
(IPTS-68). However, you often see this scale
referred to as the Kelvin scale.

Although the triple point of water is
considered the basic or fundamental reference for
the IPTS-68, five other fixed points are used to

(K} (°c) {°F) {°R)
™ N N
1336.2 r\‘ 1063.0 1945 4 240507
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Figure 4-18—Comparison of Kelvin, Celsius, Fahrenheit, and Rankine temperatures.
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help define the scale. These are the freezing point
of gold, the freezing point of silver, the boiling
point of sulfur, the boiling point of water, and
the boiling point of oxygen.

Figure 4-18 is a comparison of the Kelvin,
Celsius, Fahrenheit, and Rankine temperatures.
All of the temperature points listed above absolute
zero are considered as fixed points on the Kelvin
scale except for the freezing point of water. The
other scales are based on the freezing and boiling
points of water.

PRESSURE DEFINITIONS

Pressure like temperature is one of the basic
engineering measurements and one that must be
frequently monitored aboard ship. As with
temperature readings, pressure readings provide
you with an indication of the operating condition
of equipment. Pressure is defined as the force per
unit area.

The simplest pressure units are the ones that
indicate how much force is applied to an area of
a certain size. These units include pounds per
square inch, pounds per square foot, ounces per
sguare inch, newtons per square millimeter, and
dynes per square centimeter, depending upon the
system you use.

You also use another kind of pressure unit that
involves length. These units include inches of
water, inches of mercury (Hg), and inches of some
other liquid of a known density. Actually, these
units do not involve length as a fundamental
dimension. Rather, length is taken as a measure
of force or weight. For example, a reading of |
inch of water (1 in. H,0 means that the exerted
pressure is able to support a column of water 1
inch high, or that a column of water in a U-tube
would be displaced 1 inch by the pressure being
measured. Similarly, a reading of 12 inches of
mercury (12 in.Hg) means that the measured
pressure is sufficient to support a column of
mercury 12 inches high. What is really being
expressed (even though it is not mentioned in the
pressure unit) is that a certain quantity of material
(water, mercury, and so on) of known density
exerts a certain definite force upon a specified
area. Pressure is still force per unit area, even if
the pressure unit refers to inches of some liquid.

In interpreting pressure measurements, a great
deal of confusion arises because the zero point
on most pressure gauges represents atmospheric
pressure rather than zero absolute pressure.
Thus it is often necessary to specify the kind

of pressure being measured under any given
conditions. To clarify the numerous meanings of
the word pressure, the relationships among gauge,
atmospheric, vacuum, and absolute pressures, are
shown in figure 4-19.

GAUGE PRESSURE is the pressure actualy
shown on the dial of a gauge that registers
pressure relative to atmospheric pressure. An
ordinary pressure gauge reading of zero does not
mean that there is no pressure in the absolute
sense; rather, it means that there is no pressure
in excess of atmospheric pressure.

ATMOSPHERIC PRESSURE is the pressure
exerted by the weight of the atmosphere. At sea
level, the average pressure of the atmosphereis
sufficient to hold a column of mercury at the
height of 76 centimeters or 29.92 inches. Since a
column of mercury 1 inch high exerts a pressure
of 0.49 pound per square inch at its base, a
column of mercury 29.92 inches high exerts a
pressure that is equal to 29.92 x 0.49 or about 14.7
psi. Since we are dealing now in absolute pressure,
we say that the average atmospheric pressure at
sea level is 14.7 pounds per square inch absolute
(psia). It is zero on the ordinary pressure gauge.

Notice, however, that the figure of 14.7 psia
represents the average atmospheric pressure at sea
level; it does not always represent the actual
pressure being exerted by the atmosphere at the
moment that a gauge is being read.

' PRESSURE RELATIONSHIP N

15.3 PSIG{ GAUGE
>PRESSURE

(PSIG)

ABSOLUTEJ 14.7 PSIA{ATMOSPHERIC PRESSURE | O PSIG J
PRESSURE AVERAGE AT SEA LEVEL) | O In.Hq.
{PSI1A)

VACUUM
(In.Hg.)

\_ O PSIA 29.92 [n Hg

Figure 4-19.—Relationships among gauge pressure, atmos-
pheric pressure, vacuum, and absolute pressure.
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BAROMETRIC PRESSURE is the term used
to describe the actual atmospheric pressure that
exists at any given moment. Barometric pressure
may be measured by a simple mercury column or
by a specialy designed instrument called an
aneroid barometer.

A space in which the pressure is less than
atmospheric pressure is said to be under partial
vacuum. The amount of vacuum is expressed in
terms of the difference between the absolute
pressure in the space and the pressure of
the atmosphere. Most commonly, vacuum is
expressed in inches of mercury, with the vacuum
gauge scale marked from O to 30 in.Hg. When
a vacuum gauge reads zero, the pressure in the
space is the same as atmospheric pressure—or, in
other words, there is no vacuum. A vacuum gauge
reading of 29.92 in.Hg would indicate a perfect
(or nearly perfect) vacuum. In actual practice, it
is impossible to obtain a perfect vacuum even
under laboratory conditions. A reading between
0 and 29.92 in.Hg is a partial vacuum.

ABSOLUTE PRESSURE is atmospheric
pressure plus gauge pressure or minus vacuum.
For example, a gauge pressure of 300 psig equals
an absolute pressure of 314.7 psia (300 + 14.7).
Or, for example, consider a space in which the
measured vacuum is 10 in.Hg; the absolute
pressure in this space is figured by subtracting the
measured vacuum (10 in.Hg) from the nearly
perfect vacuum (29.92 in.Hg). The absolute
pressure then will be 19.92 or approximately 20
in.Hg absolute. It is important to note that the
amount of pressure in a space under vacuum can
only be expressed in terms of absolute pressure.

You may have noticed that sometimes we use
the letters psig to indicate gauge pressure and
other times we merely use psi. By common
convention, gauge pressure is always assumed
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when pressure is given in pounds per square inch,
pounds per square foot, or similar units. The g
(for gauge) is added only when there is some
possibility of confusion. Absolute pressure, on the
other hand, is always expressed as pounds per
square inch absolute (psia), pounds per square
foot absolute (psfa), and so forth. It is aways
necessary to establish clearly just what kind of
pressure we are talking about, unless this is very
clear from the nature of the discussion.

To this point, we have considered only the
most basic and most common units of measure-
ment. It is important to remember that hundreds
of other units can be derived from these units;
remember also that specialized fields require
specialized units of measurement. Additional units
of measurement are introduced in appropriate
places throughout the remainder of thistraining
manual. When you have more complicated units
of measurement, you may find it helpful to first
review the basic information given here.

SUMMARY

We have discussed the basic laws and
principles covering electrical and mechanical
theory. This chapter was provided to give you only
a basis on which to expand your knowledge of
electrical and mechanical fundamentals. It is
important that you have a sound understanding
of these laws and principles. The complex
electrical systems and the internal pressure-
temperature relationships in a simple GTE make
it imperative that you understand the material
presented. If you have problems understanding
this material, you should reread the pertinent
portions until you have absorbed the basic
concepts.



CHAPTER 5

INSTRUMENTS

INDICATING

Constantly used throughout this text is the
word monitor. As used in this text, monitor means
to observe, record, or detect an operation or
condition using instruments. As a GSE3/GSM3,
your most important job aboard ship is to
monitor. As a watch stander, you observe and
detect malfunctions in the operating equipment
and take the necessary action to prevent damage
to the equipment. For accuracy, the best method
of observing and detecting a malfunction in equip-
ment is through use of indicating instruments,
such as temperature and pressure gauges. These
gauges range from direct acting, such as ordinary
thermometers, to electrically activated resistance
detectors. The main function of al indicating
instruments is to give information on the
operating condition of the equipment. When you
are operating equipment, these instruments give
you the ability to compare normal operating
conditions or preset limits to the actual operating
conditions. This comparison permits you to detect
an abnormal condition before it causes major
damage to the equipment. An example of this is
amain reduction gear (MRG) bearing failure. As
awatch stander, by taking your hourly readings
from the bearing thermometer, you would notice
a rise in temperature from hour to hour; you
would be able to inform your supervisor of a
suspected problem. If a sudden failure occurs,
such as loss of lube ail to the bearing, the sudden
rise in temperature would activate a remote alarm
when it reached a preset point. The aarm would
aert personnel in the engine room and the EOOW
station. This would allow the watch to institute
casualty control procedures to minimize the
damage. We used this example to emphasize to
you the importance of indicating instruments to
shipboard operation.

In this chapter we describe the various types
of indicating instruments that you, as a
GSE3/GSM3, will come in contact with while
operating and maintaining gas turbine propulsion
systems. These include temperature, pressure,
level, and remote indicators. Upon completion of
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this chapter, you should be able to describe the
types of temperature and pressure measuring
instruments, liquid level indicators, electrical
indicating instruments, and miscellaneous sensors
used in the control and monitoring of GTEs and
auxiliary and support equipment.

TEMPERATURE MEASURING
INSTRUMENTS

Temperature is the degree of hotness or
coldness of a substance measured on a definite
scale. Temperature is measured when a measuring
system, such as a thermometer, is brought into
contact with the system to be measured. Y ou often
need to know the expansion of a liquid, the
pressure of a gas, emf, electrical resistance, or
some other mechanical, electrical, or optical
property that has a definite and known relation-
ship to temperature. Thus we infer the tempera-
ture of the measured system by the measurement
of some property of the system. The temperature
measuring instruments that we discuss are of three
types. mechanical, electrical, and mechanical-
electrical. The mechanical-electrical temperature
instruments are switches.

MECHANICAL TEMPERATURE
MEASURING DEVICES

Since temperature is one of the basic
engineering variables, temperature measurement
is essential to the proper operation of a shipboard
engineering plant. You will frequently be called
upon to measure the temperature of steam, water,
fuel, lubricating oil, and other vital fluids; in
many cases you will have to enter the results of
this measurement in engineering records and logs.

Devices used for measuring temperature may
be classified in various ways. In this section we
will discuss only the expansion thermometer types.
Expansion thermometers operate on the principle
that the expansion of solids, liquids, and gases



has a known relationship to temperature changes.
The types of expansion thermometers discussed
here are (1) liquid-in-glass thermometers, (2) bi-
metallic expansion thermometers, and (3) filled-
system thermometers.

Liquid-in-Glass Thermometers

Liquid-in-glass thermometers are probably the
oldest, the simplest, and the most widely used
devices for measuring temperature. A liquid-in-
glass thermometer (fig. 5-1) has a bulb and a very
fine bore capillary tube containing alcohol, or
some other liquid that expands uniformly as the
temperature rises or contracts uniformly as the
temperature falls. The selection of liquid is based
on the temperature range in which the ther-
mometer is to be used.

Almost all liquid-in-glass thermometers are
sealed so atmospheric pressure does not affect the
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Figure 5-1.—Liquid-in-glass thermometer.
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reading. The space above the liquid in this type
of thermometer may be a vacuum or filled with
an inert gas such as nitrogen, argon, or carbon
dioxide.

The capillary bore may be either round or
elliptical. In any case, it is very small, so a
relatively small expansion or contraction of the
liquid causes a relatively large change in the
position of the liquid in the capillary tube.
Although the capillary bore itself is very small in
diameter, the walls of the capillary tube are quite
thick. Most liquid-in-glass thermometers have an
expansion chamber at the top of the bore to
provide a margin of safety for the instrument if
it should accidentally be overheated.

Liquid-in-glass thermometers may have
graduations etched directly on the glass stem or
placed on a separate strip of materia located
behind the stem. Many thermometers used in ship-
board engineering plants have the graduations
marked on a separate strip; this type is generally
easier to read than the type that has the
graduations marked directly on the stem.

You will seldom find liquid-in-glass ther-
mometers on gas turbine ships. As a GSE/GSM,
you may till find this type of thermometer in use
in the oil and water test lab for analytical tests
on fuel, oil, and water.

Bimetallic Expansion Thermometer
Bimetallic expansion thermometers make use

of different metals having different coefficients
of linear expansion. The essential element in a

coLo

FIXED
END

THIS METAL HAS THE GREATER
COEFFICIENT OF LINEAR
EXPANS ION

\

HOT
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OF LINEAR EXPANSION

Figure 5-2—Effect of unequal expansion of a bimetallic
strip.



bimetallic expansion thermometer is a bimetallic
strip consisting of two layers of different metals
fused together. When such a strip is subjected to
temperature changes, one layer expands or
contracts more than the other, thus tending to
change the curvature of the strip.

Figure 5-2 shows the basic principle of a
bimetallic expansion thermometer. When one end
of a straight bimetallic strip is fixed in place, the
other end tends to curve away from the side that
has the greater coefficient of linear expansion
when the strip is heated.

For use in thermometers, the bimetallic strip
isnormally wound into aflat spiral (fig. 5-3), a
single helix, or a multiple helix. The end of the
strip that is not fixed in position is fastened to
the end of a pointer that moves over a circular
scale. Bimetallic thermometers are easily adapted
for use as recording thermometers;, a pen is
attached to the pointer and positioned in such a
way that it marks on a revolving chart.

Filled-System Thermometers

In general, filled-system thermometers are
designed for use in locations where the indicating
part of the instrument must be placed some
distance away from the point where the
temperature is to be measured. For this reason
they are often called distant-reading ther-
mometers. However, this is not true of al filled-
system thermometers. In a few designs, the
capillary tubing is extremely short, and in a few,
it is nonexistent. In general, however, filled-system
thermometers are designed to be distant-reading
thermometers. Some distant-reading ther-
mometers may have capillaries as long as 125 feet.

Figure 5-3—Bimetallic thermometer (flat, spiral strip).
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There are two basic types of filled-system
thermometers. One has a Bourdon tube that
responds primarily to changes in the volume of
the filling fluid; the other is one in which the Bour-
don tube responds primarily to changes in the
pressure of the filling fluid. Clearly, some pressure
effect will exist in volumetric thermometers, and
some volumetric effect will exist in pressure
thermometers.

A distant-reading thermometer (fig. 5-4)
consists of a hollow metal sensing bulb at one end
of a small-bore capillary tube, which is connected
at the other end to a Bourdon tube or other device
that responds to volume changes or to pressure
changes. The system is partially or completely
filled with a fluid that expands when heated and
contracts when cooled. The fluid may be a gas,
an organic liquid, or a combination of liquid and

vapor.

The device usually used to indicate
temperature changes by its response to volume
changes or to pressure changes is called a
Bourdon tube. A Bourdon tube is a curved or
twisted tube which is open at one end and sealed

Figure 5-4.—Distant-reading, Bourdon-tube thermometer.



at the other (fig. 5-5). The open end of the tube
isfixed in position, and the sealed end is free to
move. The tube is more or less dliptical in cross
section; it does not form a true circle. It
becomes less circular when there is an increase
in the volume or in the internal pressure of the
contained fluid; this tends to straighten the tube.
Opposing this action, the spring action of the tube
metal tends to coil the tube. Since the open end
of the Bourdon tube is rigidly fastened, the sealed
end moves as the volume or pressure of the
contained fluid changes. A pointer is attached to
the sealed end of the tube through appropriate
linkages; the assembly is placed over an
appropriately calibrated dial. The result is a
Bourdon-tube gauge that may be used for
measuring temperature or pressure, depending
upon the design of the gauge and the calibration
of the scale.

Bourdon tubes are made in several shapes for
various applications. The C-shaped Bourdon tube
shown in figure 5-5 is perhaps the most commonly
used type; spiral and helical Bourdon tubes are
used where design requirements include the need
for alonger length Bourdon tube.

ELECTRICAL TEMPERATURE
MEASURING DEVICES

On the gas turbine propulsion plant, you will
have to monitor temperature readings at remote
locations. Expansion thermometers provide
indications at the machinery locations or on gauge
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PRESSURE
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Figure 5-5.—C-shaped Bourdon tube.
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panels in the immediate area. To provide remote
indications at a central location, you use electrical
temperature measuring devices in conjunction
with signal conditioners. The devices we will
discuss in this section are the resistance
temperature detectors (RTDs), the resistance
temperature elements (RTES), and thermocouples.
These devices sense variable temperatures at a
given point in the system and transmit the signals
to a remotely located indicator.

Resistance Temperature Detectors

The RTDs operate on the principle that
electrical resistance changes in a predictable
manner with temperature changes. The elements
of RTDs are made of nickel, copper, or platinum.
Nickel and copper are used for temperatures of
600°F or lower. Platinum elements are used for
temperatures of 600°F or greater. Figure 5-6
shows two typical types of RTDs.

As with the bimetallic thermometers, you will
usualy find RTDs mounted in thermowells.
Thermowells protect sensors from physical
damage by keeping them isolated from the
medium being measured. This arrangement also
lets you change the RTD without securing the
system in which it is mounted. This makes your
maintenance easier and less messy.

As temperature increases around an RTD, the
corresponding resistance will also increase at a
proportional value. The temperature applied to
an RTD, if known, will give you a known
resistance value. You can find these resistance
values listed in tables in the manufacturers
technical manuals. Normally, only a few
resistance values are given.

To test an RTD, you will have to heat it to
a specific temperature. At this temperature the
resistance of the RTD should be at the resistance
shown in the table. The most common method
of heating an RTD is to use a pan of hot water
and a calibrated thermometer. Some newer ships
and repair activities test RTDs using a thermobulb
tester. This method is more accurate and easier
to use. For specific instructions, refer to the
manufacturers technical manuals supplied with
the equipment.

The most common fault you will find with an
RTD will be either a short circuit or an open
circuit. You can quickly diagnose these faults by
using digital display readings or data log print-
outs. By observing the reading or the printout,
you may find that the indication is either zero or
a very low value. A mafunction of this type



Figure 5-6.—Two typical types of RTDs.

means a short circuit exists in either the RTD or
its associated wiring. A very high reading, such
as 300°F on a 0°F to 300°F RTD, could indicate
an open circuit. You should compare these
readings to local thermometers. This ensures that
no abnormal conditions exist within the equip-
ment that the RTD serves.

If an RTD isfaulty, you should replace it at
the earliest opportunity. Internal repairs cannot
be made to RTDs at the shipboard level. Until
you can replace the faulty RTD, you should
infform the watch standers that the RTD is
unreliable. The engine-room watch standers
should periodically take local readings to ensure
the equipment is operating normally.
Resistance Temperature Elements

The most common types of temperature
sensors you will find in gas turbine propulsion

plants are the RTES. They operate on the same
principle as the RTDs. As the temperature of the
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sensor increases, the resistance of the RTE also
increases at a proportional value. All RTEs that

you encounter have a platinum element and have
an electrical resistance of 100 ohms at a
temperature of 32°F. Four different temperature
ranges of RTEs are commonly used, but you will

find that the probe size varies. The four
temperature ranges and their probe sizes are as
follows:

TEMPERATURE RANGE RTE PROBE LENGTH

(Degrees Fahrenheit) (Inches)
-20°to +150° 6

0°to +400° 2, 4, 10
0°to +1000° 2
-60°to +500° 6

You may find some RTES that are connected
to remote mounted signal conditioning modules.



These modules convert the ohmic value of
the RTE to an output range of 4 to 20
milliamperes (mA) direct current (dc). How-
ever, most RTEs read their value directly
into the propulsion electronics as an ohmic
value.

The 0° to + 400°F and the — 60° to +500°F
range RTEs are commonly mounted in a
thermowell. Since you can change the RTE
without securing the equipment it serves, this also
simplifies maintenance.

Thermocouples

Thermocouple sensors are used to monitor
LM2500 power turbine inlet temperature (Ts,)
and Allison 501-K 17 turbine inlet temperature
(TIT). Although each engine uses a different type
of thermocouple, the theory of operation is the
same. These sensors work on the principle that
when two dissmilar metals are fused together at
ajunction by heat, a small voltage is produced.
The amount of this voltage is directly proportional
to the Ts, or TIT.

Figure 5-7 shows the LM2500 and the Allison
501-K 17 thermocouples. Y ou should note that
athough they are physically different, their
operation is the same. Both thermocouples

are composed of the metals Chromel and
Alumel.

LM2500 THERMOCOUPLES.—The
LM 2500 uses eleven thermocouples to monitor
Ts,4. Individual thermocouples cannot be re-
placed though, as they are arranged in four
groups. These groups, or harnesses, are the
components you must change if you have a faulty
thermocouple. Figure 5-8 shows the four
harnesses. Y ou should note that the two upper
harnesses and the lower right harness each
contains three thermocouples. The lower |eft
harness has only two thermocouples. Be very
careful when you replace a harness. Take care not
to damage a probe or bend the harness. For
complete detailed information on replacement of
thermocouple harnesses, refer to the Propulsion
Gas Turbine Module LM2500, Volume 2, Part 3,
NAVSEA S9234-AD-MMO-050.

ALLISON 501-K17 THERMPCOUPLES.—
Eighteen dual-element, Chromel-Alumel thermo-
couples are used on the Allison 501-K17 to
monitor TIT. Unlike the thermocouples of the
LM 2500, you can change these thermocouples
individually. Each of these sensors has two
independent elements that allow two sampling
circuits per thermocouple. Only one circuit is
used for monitoring TIT; the other circuit is not
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Figure 5-7.—Thermocouples.
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monitored. Figure 5-9) shows the thermocouple
installation on the Allison 501 - K17.

The interconnecting harness for the thermo-
couples, as shown in figure 5-9, mounts on the
outer combustion case forward of the ther-
mocouples. This harness includes four separate
leads for each of the eighteen sensors. Two
separate electrical circuits arc maintained. The
harness is made in two halves, a right-hand side
and a left-hand side. Note in figure 5-9 that the
harness is split near the thermocouple junction.
This allows you to easily remove the wiring
without mgjor engine disassembly. The electrical
signals from the thermocouples are averaged
within the harness. The output of the thermo-
couple harness is sent to the local operating panel
(LOCOP) for signal conditioning.

A faulty thermocouple will give you afalse
TIT reading. The TIT is a basic parameter for the
liquid fuel valve (LFV) adjustment. Therefore, a
faulty sensor would result in an incorrectly
adjusted LFV. You should check the continuity.
of the thermocouples if you suspect the TIT
reading is incorrect. Also, check it if you suspect
the LFV is out of adjustment. The thermocouple
continuity is read with an ohmmeter. Each ther-
mocouple has four terminals, but only two are
used for monitoring TIT. Find the two terminals
that are used for TIT and read the resistance
between them. If the reading on a thermocouple
is over 10 ohms, you must replace that sensor.

For instructions on thermocouple replacement,
refer to the appropriate manufacturers' technical
manuals.

TEMPERATURE SWITCHES

Temperature switches operate from tempera-
ture changes occurring in an enclosure, or in the
air surrounding the temperature sensing element.
The operation of the temperature switch is not
much different than that of the pressure switch.
Actualy, both switches are operated by changes
in pressure. The temperature element is arranged
so changes in temperature cause a change in the
internal pressure of a sealed-gas or air-filled bulb
or helix, which is connected to the actuating device
by a small tube or pipe. Figure 5-10 shows you
a temperature switch and two types of sensing
elements.

Construction

Y ou can connect the bulb and helix units to
the switch section. The bulb unit (fig. 5-10,
item A) is normally used when you need to control
liquid temperatures. However, it may control air
or gas temperatures. This only happens if the
circulation around it is rapid and the temperature
changes at a slow rate.

The helical unit (fig. 5-10, item B) has been
specifically designed for air and gas temperature
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Figure 5-9.—Allison 501-K17 thermocouple harness.
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Figure 5-10.—Temperature switch with two types of
sensing elements. A . Bulb unit. B. Helix unit.

control circuits. For the thermal unit to be most
effective, it must be located at a point of
unrestricted circulation. Thisis so it can “fegl”
the average temperature of the substance you wish
to control.

Temperature changes cause a change in the
volume of the sealed-in gas, which causes move-
ment of a diaphragm. The movement is
transmitted by a plunger to the switch arm. The
moving contact is on the arm. A fixed contact may
be arranged so the switch will open or close on
a temperature rise. This alows the switch contacts
to be arranged to close when the temperature
drops to a predetermined value and to open when
the temperature rises to the desired value. The
reverse action can be obtained by a change in the
contact positions.

The difference in temperature for the contact
opening set point and closing set point is the
differential. The switch mechanism has a built-in
differential adjustment so the differentia can
be varied over a small range. Once set, the
differential remains essentially constant at all
temperature settings.

Some switches are stamped WIDE DIF-
FERENTIAL. These switches are adjusted in the
same manner described for the regular controls.
However, because of dight design changes, it is
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possible to get wider variation in differential
settings.

Adjustments

To set the operating range of the switch, turn
the differential adjustment screw (fig. 5-11)
counterclockwise against the stop for minimum
differential. Bring the temperature to the value
at which the circuit is to be closed. If the switch
contacts are open at this temperature, turn the
range screw slowly clockwise until the contacts
close. If the contacts are closed when the desired
temperature is reached, turn the range screw
counterclockwise until the contacts open; then
turn the screw slowly clockwise until the contacts
close. These adjustments set the closing
temperature.

The temperature is now raised to the point
where the circuit is to be opened. Since the
differential adjustment is now set at minimum,
the circuit will probably open at a lower
temperature than desired; therefore, turn the
differential adjustment screw clockwise to widen
the differential until the desired opening
temperature is obtained. For further instructions
on how to adjust these switches, refer to the
manufacturers’ technical manuals.

PRESSURE MEASURING
INSTRUMENTS

Pressure, like temperature, is one of the basic
engineering measurements and one that must be
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Figure 5-11.—Temperature switch.




frequently monitored aboard ship. As with temper-
ature readings, pressure readings provide you with
an indication of the operating condition of equip-
ment. Pressure measuring instruments that we
discuss are of three types. mechanical, electrical,
and mechanical-electrical. The mechanical-
electrical pressure instruments are switches.

MECHANICAL PRESSURE
MEASURING INSTRUMENTS

Two of the primary mechanical pressure
measuring instruments found aboard ship are the

Bourdon-tube and the bellows elements. Bourdon-
tube elements are suitable for the measurement
of very high pressures up to 100,000 psig. The
upper limit for bellows elements is about 800 psig.

Bourdon-Tube Elements

Bourdon-tube elements used in pressure
gauges are essentially the same as those de-
scribed for use in filled-system thermometers.
Bourdon tubes for pressure gauges are made
of brass, phosphor bronze, stainless steel,
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beryllium-copper, or other metals, depending
upon the requirements of service.

Bourdon-tube pressure gauges are often
classified as simplex or duplex, depending upon
whether they measure one pressure or two. A
simplex gauge has only one Bourdon tube and
measures only one pressure. Figure 5-12 shows a
simplex Bourdon-tube pressure gauge with views
of the dial and gear and operating mechanisms.
The pointer marked RED HAND inview A isa
manually positioned hand that is set at or
dightly above the maximum normal operating pressure
of the machinery. The hand marked POINTER
is the only hand that moves in response
to pressure changes.

When two Bourdon tubes are mounted in a
single case, with each mechanism acting in-
dependently but with the two pointers mounted

on a common dial, the assembly is called a duplex
gauge. Figure 5-13 shows a duplex gauge with
views of the dial and operating mechanism. Note
that each Bourdon tube has its own pressure
connection and its own pointer. Duplex gauges
are used to give simultaneous indication of the
pressure at two different locations.
Bourdon-tube vacuum gauges are marked off
in inches of mercury, as shown in figure 5-14.
When a gauge is designed to measure both
vacuum and pressure, it is called a compound
gauge; it is marked off both in inches of mercury
and in psig, as shown in figure 5-15.
Differential pressure may also be measured
with Bourdon-tube gauges. One kind of Bourdon-
tube differential pressure gauge is shown in
figure 5-16. This gauge has two Bourdon tubes

Figure 5-15.—Compound Bourdon-tube gauge.
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Figure 5-16.—Bourdon-tube differential pressure gauge.
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but only one pointer. The Bourdon tubes are
connected in such a way that they are the pressure
difference, rather than either of the two actual
pressures indicated by the pointer.

Bellows Element

A bellows elastic element is a convoluted unit
that expands and contracts axialy with changes
in pressure. The pressure to be measured can be
applied to the outside or to the inside of the
bellows; in practice, most bellows measuring
devices have the pressure applied to the outside
of the bellows, as shown in figure 5-17. Like
Bourdon-tube elements, bellows elastic elements
are made of brass, phosphor bronze, stainless

steel, beryllium-copper, or other metal suitable
for the intended service of the gauge.

Most bellows gauges are spring-loaded--that
is, a spring opposes the bellows and thus prevents
full expansion of the bellows. Limiting the
expansion of the bellows in this way protects the
bellows and prolongs its life. In a spring-loaded
bellows element, the deflection is the result of the
force acting on the bellows and the opposing force
of the spring.

Although some bellows instruments can be
designed for measuring pressures up to 800 psig,
their primary application aboard ship is in the
measurement of quite low pressures or small
pressure differentials.
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Many differential pressure gauges are of the
bellows type. In some designs, one pressure is
applied to the inside of the bellows and the other
pressure is applied to the outside. In other designs,
a differential pressure reading is obtained by
opposing two bellows in asingle case.

Bellows elements are used in various applica
tions where the pressure-sensitive device must be
powerful enough to operate not only the in-
dicating pointer but also some type of recording
device.

ELECTRICAL PRESSURE MEASURING
INSTRUMENTS (TRANSDUCERYS)

Transducers are devices that receive energy
from one system and retransmit it to another
system. The energy retransmitted is often in a
different form than that received. In this section,
we will discuss the pressure transducer. This device
receives energy in the form of pressure and
retransmits energy in the form of electrical
current.

Transducers alow monitoring at remote
locations on gas turbine propulsion plants.
Mechanical gauges provide pressure readings at
the machinery locations or on gauge panelsin the
immediate area. At a central location remote
readings are provided by using transducers in

PRESSURE
PORTS

conjunction with signal conditioners. Transducers
provide the capability of sensing variable pressures
and transmitting them in proportional electrical
signals. Pressure transducers, like pressure
switches, are widely used in ship propulsion and
auxiliary machinery spaces. They are used to
monitor alarms and in machinery operation.

Pressure Transducer Operation

Pressure transducers are generally designed to
sense absolute, gauge, or differential pressure.
The typical unit (fig. 5-18) receives pressure
through the pressure ports. It transmits an
electrical signal, proportional to the pressure
input, through the electrical connector. Pressure
transducers are available in pressure ranges from
0 to 6 inches water differential to 0 to 10,000 psig.
Regardless of the pressure range of a specific unit,
the electrical output is always the same. The
electrical signal is conditioned by the signal
conditioners before being displayed on an analog
meter or a digital readout located on one of the
control consoles.

Pressure Transducer Calibration

Pressure transducers should be calibrated on
a bench before installation. The equipment needed

ELECTRICAL
CONNECTOR

Figure 5-18.—Pressure transducer assembly.



and its setup are shown in figures 5-19 and 5-20. you will have to send your transducers to a
After setting up your test equipment as shown, calibration activity. If you have a problem with
you will be ready to start calibrating the a transducer or have to replace a transducer, you
transducer. If your ship doesn’t have a calibra- can compare it to a known standard by using the

tion lab or isn't qualified to cdibrate gauges, then calibration Kit.
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The following simple setup procedural
steps should help you understand and calibrate
pressure transducers commonly found on gas
turbine ships. These steps are condensed from
paragraphs 8.2-24 and 8.2-25 of the Propulsion
Gas Turbine Module LM2500, Volume 2, Part 3,
NAVSEA S9234-AD-MMO-050.

To calibrate a 0- to 250-psig transducer, close
the instrumentation valve and remove the cap.
Remove the cover from the transducer and
connect the multimeter. The multimeter should
read 4 mA = 0.3. If necessary, adjust the ZERO
ADJUST potentiometer. Now connect the
pressure hose to the instrumentation valve and
apply 250 psig to the transducer. The multimeter
should read 20 mA * 0.3. If necessary, adjust the
SPAN ADJUST potentiometer to obtain this
reading. Recheck first and last values whenever
you make either ZERO or SPAN adjustments.
Now check the middle value, in this case 125 psi,
and the multimeter should read 12 mA + 0.3. To
derive the middle value of the output current,
subtract 4 from 20, divide by 2, and add 4 to
the sum. For information on calibration of
transducers, refer to the Propulsion Gas
Turbine Module LM2500, Volume 2, Part 3,
NAVSEA S9234-AD-MMO-050, or Pressure
Transducer - Strain Gauge Assembly, NAV-
SEA 0987-LP-059-5010.

NOTE: When calibrating a differential
pressure transducer, apply the pressure to
the high port and vent the low port to the
atmosphere.

PRESSURE SWITCHES

Another type of pressure indicating instrument
is the contact or pressure switch. This instrument
either opens or closes a set of contacts at a preset
pressure. This switch can provide you with an
alarm indication or initiate an action such as
stopping a piece of equipment at a preset pressure.

Often when a measured pressure reaches a
certain maximum or minimum value, a pressure
sensing device activates. This may be in the form
of an alarm to sound a warning or a light to give
asignal. The pressure switch shown in figure 5-21
is a device commonly used to energize or
de-energize an auxiliary control system. This
switch is normally contained in a metal case with
aremovable cover. It is equipped with a pressure
port and an electrical connector. The pressure
switch converts, through a set of contacts, the
motion of a diaphragm or bellows into an
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Figure 5-21.—Pressure switch.

electrical signal. Pressure switches are used
to sense gauge or differential pressures on
pneumatic as well as hydraulic systems. They are
manufactured in many sizes and configurations,
but all perform basically the same function.

Construction of Pressure Switches

One of the simplest pressure switchesis the
single-pole, single-throw, quick-acting one, also
shown in figure 5-21. This switch contains a
seamless metallic bellows in the housing, which
is digplaced by changes in pressure. The bellows
works against an adjustable spring that determines
the pressure needed to actuate the switch.
Through suitable linkages, the spring causes the
contacts to open or close the electrical circuit. This
is done automatically when the operating pressure
falls or rises from a specified value. A permanent
magnet in the switch mechanism provides a
positive snap on both the opening and the
closing of the contacts. This snap action prevents
excessive arcing of the contacts. The switch is
constantly energized. However, it is the closing
of the contacts that energizes the entire electrical
circuit.

You can find switches in many sizes and
configurations. The switch used depends upon its
application.



Setting Pressure Switches

To set a pressure switch, you first have to set
a known pressure in the operational range of the
switch. Normally, you do this by using a test setup
like that shown in figure 5-22. In an emergency,
you can use the pressure of the system in which
the switch is installed. But you should reset the
switch as soon as possible using a calibrator.
Many types of pressure calibrators are used in the
fleet. Refer to the manufacturer’s technical
manual for the correct operating instructions for
your unit.

The adjustments on the pressure switches are
the same as the adjustments on the temperature
switches that we described earlier in this chapter.

LIQUID LEVEL INDICATORS

In a gas turbine propulsion plant, you will
have to monitor systems and tanks for liquid level.
Sometimes you are only required to know if alevel
exceeds or goes below a certain preset parameter.
Other circumstances require that you know the
exact level. If only a predetermined limit is
needed, you can use a float switch. This will make
contact when the set point is reached and will
sound an alarm. If you need to know a specific
level, then you must use a variable sensing device.

The sensor used for indicating a tank level is
commonly called atank level indicator (TLI). This
sensor will tell you the exact amount of liquid in
a tank. In the following paragraphs we will
describe the operation of each of these sensors and
their applications. Refer to the manufacturers
technical manuals for more information on the
procedures used to adjust each type of device.

TANK LEVEL INDICATORS

Many tank levels on gas turbine ships are
monitored to provide the exact liquid level in
them. Fuel tanks, for example, are monitored to
ensure they do not overflow. They are aso
monitored to let the engineer officer know the
amount of fuel aboard the ship. The sensors
used to monitor these levels are TLIs. Each of the
level-monitored tanks contains a level transmitter.
A typical transmitter section contains a voltage
divider resistor network extending the length of
the section. Magnetic reed switches are tapped at
I-inch intervals along the resistor network. The
reed switches are sequentially connected through
series resistors to a common conductor. This net-
work is enclosed in a stem that is mounted ver-
ticaly in the tank. A float containing bar magnets
rides up and down the stem as the level changes.

In many tanks, you have to use more than one
transmitter section to measure the full range. The
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Figure 5-22.—Typical setup fur calibrating a pressure device.
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physical arrangement of some tanks makes this
necessary. When multiple sections are used, they
are electrically connected as one continuous
divider network.

Two types of floats are used. In noncompen-
sated tanks, the float is designed to float at the
surface of the fuel or JP-5. For seawater
compensated tanks, the float is designed to stay
at the seawater/fuel interface.

CONTACT LEVEL SENSORS

Many times you do not have to know the exact
level of atank until it reaches a preset level. When
this type of indication is needed, you can use a
contact or float switch. Two types of float level
switches are used on gas turbine ships. One type

isthe lever operated switch. It is activated by a
horizontal lever attached to a float. The float is
located inside the tank. When the liquid level
reaches a preset point, the lever activates the
switch.

The other type of level switch uses a magnet-
equipped float sliding on a vertical stem. The stem
contains a hermetically sealed, reed switch. The
float moves up and down the stem with the liquid
level. It magnetically opens or closes the reed
switch as the float passes over it. Figure 5-23
shows the construction of the magnetically
operated float switch. Magnetic float switches
may be constructed with more than one float on
a stem. This type of switch can detect multiple
levels in the same tank, such as a high- and low-
level alarm. You may also wire multiple stems
together to provide this same feature.
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Figure 5-23.—Magnetic float switch.
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ELECTRICAL INDICATING
INSTRUMENTS

Electrical indicating instruments (meters) are
used to display information that is measured by
some type of electrical sensor. Meters on the
control console, although they display units such
as pressure or temperature, are in fact dc
voltmeters. The signal being sensed is conditioned
by a signal conditioner. It is then converted to
0- to 10-volt dc, proportional to the parameters
being sensed. Electrical values, such as wattage
and current, are measured and displayed at ship’s
service switchboards. The electrical vaues are then
conditioned and displayed on the electric plant
console. The meters on the electrical plant
console are also the 0- to 10-volt dc type of meters.
The meters we will discuss in this chapter are
found on the ship’s service switchboards.
Normally, shipboard repair is not done on switch-
board meters. If you suspect the switchboard
meters are out of calibration or broken,
you should have them sent to a repair facility.
You can find more information on the theory
of operation of these meters in the Navy
Electricity and Electronics Training Series
(NEETS), Module 3, Introduction to Circuit
Protection, Control, and Measurement, NAV-
EDTRA 172-03-00-79.

VOLTMETERS

Both dc and ac voltmeters determine voltage
the same way. They both measure the current that
the voltage is able to force through a high
resistance. Voltage measuring is always connected
in parallel with (across) a circuit. The

Figure 5-24—An ac voltmeter.

519

voltmeters installed in switchboards and control
consoles (fig. 5-24) all have a fixed resistance
value. Portable voltmeters, used as test equip-
ment, usually have a variable resistance. These
resistances are calibrated to the different ranges
that the meters will display. The normal range for
the switchboard and electric plant metersis0to
600 volts.

AMMETERS

Ammeters (fig. 5-25) are used to indicate the
current passing through a conductor. Different
types of ammeters are used for either ac or dc.
However, any ac ammeter will indicate on dc with
a lower degree of accuracy.

The construction of installed ammeters is such
that they are not able to handle the current that
passes through the conductor being measured.
Ammeters are required to be connected in series
with the circuit to be measured. Since the meters
cannot handle the high switchboard current, the
switchboard ammeters operate through current
transformers. This arrangement isolates the
instruments from line potential. The current
transformer produces in its secondary a definite
fraction of the primary current. This arrangement
makes it possible to measure large amounts of
current with a small ammeter.

CAUTION

THE SECONDARY OF A CURRENT
TRANSFORMER CONTAINS A DAN-
GEROUS VOLTAGE. NEVER WORK
AROUND OR ON CURRENT TRANS-
FORMERS WITHOUT TAKING
PROPER SAFETY PRECAUTIONS.

Figure 5-25.—An ac ammeter.



FREQUENCY METERS

Frequency meters (fig. 5-26) measure the cycles
per second rate of ac. The range of frequency
meters found on gas turbine ships is between 55
hertz (Hz) and 65 hertz. Frequency of the ac
used on ships rarely varies below 57 Hz and
seldom exceeds 62 Hz. A frequency meter may
have a transducer that converts the input
frequency to an equivalent dc output. The
transducer is a static device employing two
separately tuned series resonant circuits that feed
a full-wave bridge rectifier. A change in frequency
causes a change in the balance of the bridge. This
causes a change in the dc output voltage.

KILOWATT METERS

Wattage is measured by computing values of
current, voltage, and power factor. The kilowatt
meters used on ships automatically take these
values into account when measuring kilowatt
(kW) produced by a generator. Kilowatt meters

Figure 5-27.—Kilowatt meter.

are connected to both current and potential
transformers to allow them to measure line
current and voltage. The kW meter shown in
figure 5-27 is similar to the ones used on gas
turbine ships. Since each type of generator on gas
turbine ships is rated differently, the scale will be
different on each class of ship.

The amount of power produced by a generator
is measured in kilowatts. Therefore, when
balancing the electrical load on two or more
generators, you should ensure kW is matched.
Loss of the kW load is the first indication of a
failing generator. For example, two generators are
in parallel and one of the two units experiences
afailure. To determine which of the two units is
failing, compare the kW reading. Normally, the
generator with the lowest kW would be the
failing unit. However, you should know there is
one case where this is not true. During an
overspeed condition, both units will increase in
frequency. But the failing unit will be the one with
the higher kW load.

SYNCHROSCOPES

Before connecting a 3-phase generator to
bus bars aready connected to one or more
other generators, you must ensure that certain
conditions prevail. A synchroscope is the device
you will use to find out if the following
conditions have been met:

1. Phase sequence must be the same for
generator and bus bars.

2. Generator and bus-bar voltage must be the
same.

3. Generator and bus-bar frequency must be
the same.

4. Generator frequency must be practically
constant for an appreciable period of time.

5. The generator and bus-bar voltage must be
in phase. They must reach their maximum
voltages at the same time. Thisis so that when
connected, they will oppose excessive circulation
of current between the two machines.

Figure 5-28 shows a synchroscope. It is
basically a power factor meter connected to
measure the phase relation between the generator
and bus-bar voltages. The moving element is free
to rotate continuously. When the two frequencies
are exactly the same, the moving element holds
afixed position. This shows the constant phase
relation between the generator and bus-bar
voltages. When the frequency is slightly different,
the phase relation is always changing. In this case,
the moving element of the synchroscope rotates
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SYNCNROSCOPE

\® ®)

Figure 5-28.—Synchroscope.

constantly. The speed of rotation is equal to the
difference in frequency; the direction shows
whether the generator is fast or slow. The
generator is placed on line when the pointer slowly
approaches a mark. This mark shows that the
generator and bus-bar voltages are in phase.

PHASE-SEQUENCE INDICATORS

The sequence in which the currents of a
3-phase system reach their maximum values
is determined by phase-sequence indicators.
Figure 5-29 shows an example of this type of
indicator.

Gas turbine ships have phase-sequence
indicators installed in switchboards which may be
connected to shore power. These instruments
indicate whether shore power is of correct or
incorrect phase sequence before shipboard equip-
ment is connected to shore power. Three-phase
motors, when connected to incorrect phase-
sequence power, rotate in the opposite direction.

The phase-sequence indicator has three neon
lamps that light when all three phases are
energized. A meter connected to a network of
resistors and condensers shows correct or in-
correct sequence on a marked scale.

MISCELLANEOUS SENSORS

Severd of the sensors used in the gas turbine
propulsion plant are not pressure or temperature
sensors. These devices, such as ice detectors,
speed sensors, vibration sensors, and UV flame
detectors, are used to monitor or protect the gas
turbine plant from damage.

ICE DETECTOR SYSTEM

Under certain atmospheric conditions, ice can
form in the inlet airflow system. This can happen
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Figure 5-29.—Phase-sequence indicator.

when the temperature falls below 41°F and the
relative humidity is above 70 percent. The
formation of icein theinlet has two detrimental
effects. It can restrict airflow to the gas turbine
with a resultant loss of power. Also, if allowed
to build up in large quantities, ice chunks can
break off. They can go through the gas turbine
compressor causing foreign object damage (FOD).

The ice detector sensor is located in the lower
left corner of the inlet barrier wall. It senses
inlet temperature and humidity and transmits
proportional electrical signals to the signa
conditioner. The signal conditioner is mounted
on the underside of the base. It provides a signa
for the icing alarm at the propulsion console when
icing conditions exist.

Ice Detectors

The detector shown in figure 5-30 consists of
a sensor assembly mounted in a body secured to

0
BODY
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]
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Figure 5-30.—Ice detector.



a mounting plate assembly. The body and
mounting plate are machined from stainless stedl.
A filter cover assembly protects the sensing
element while allowing the passage of atmospheric
ar over two sensors. It consists of a temperature
sensor and a humidity sensor. Electrical con-
nection to the sensing element is made through
a fixed plug secured to the mounting plate.

Changes in temperature of the air flowing over
the sensor assembly vary the electrical resistance
of the temperature sensor. As temperature
decreases, the resistance of the temperature
increases; at 41°F, resistance is about 2.4 kilohms
(kQ). The change in resistance modifies a dc signal
in the ice-detector signal conditioner.

Changes in the moisture content of the air
flowing over the sensor assembly vary the
electrical resistance of the humidity sensor. The
humidity sensor is a salt-treated wafer. As it
absorbs moisture from the surrounding air, its
resistance decreases as the humidity increases; at
70 percent relative humidity, resistance is about
435 kQ . The change in resistance affects the feed-
back to an amplifier in the ice-detector signal
conditioner.

|ce-Detector Signal Conditioners

The ice-detector signal conditioner (fig. 5-3 1)
is contained in a metal box. The box is attached
to the underside of the base/enclosure. It
contains two printed-circuit board assemblies, a
transformer, and arelay and capacitor. The box
is closed by a cover bearing identification labels.

TEMPERATURE
ADJUSTMENT
ACCESS

RELATIVE
HUMIDITY
ADJUST
ACCESS

ELECTRICAL
CONNECTORS

Figure 5-31.—Ice-detector signal conditioner.
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The two screws on the top cover access holes to
two potentiometers positioned on the upper
circuit board assembly.

SPEED SENSORS

One of the more important parameters sensed
in a gas turbine propulsion plant is speed. Speed
is measured on reduction gears and gas turbines.
The reduction gear speed is monitored to inform
the propulsion plant operators of the propeller
shaft speed. Gas turbine speed is measured to
ensure the turbine does not overspeed. Also, gas
turbine speed is used as an input to the control
systems of the engine. Two types of speed
sensors are used to measure the required speeds.
One type is the tachometer generator, used on
reduction gears. The other type is the magnetic
speed pickup, used to sense gas turbine speeds.
In some applications, it is used to sense reduction
gear speeds.

Tachometer Generators

Main reduction gears (MRGS) use tachometer
generators to provide electrical signals for remote
indication of propulsion shaft speed. The output
of the tachometer generator is voltage pulses
proportional to the speed of the propeller shaft.
The tachometer signal is amplified. Then it is sent
to the propulsion electronics for use in data and
bell logging and display of shaft speed. You can
find more information on tachometer generator
operation by referring to the related technical
manual found on your ship.

Magnetic Speed Pickup Transducer

The magnetic speed pickup transducer is
usualy referred to as a magnetic speed pickup and
is the most common type of speed sensor found
in gas turbine propulsion plants. It is used for
sensing gas turbine speed on the LM2500 and the
Allison 501-K17. It is aso used to measure
reduction gear speed for controllable pitch
propeller (CPP) systems on the FFG-7 class ships.
The MRGs of the DD-963 class ships use magnetic
speed pickups for sensing clutch engagement
Speeds.

Magnetic speed pickups sense speed by using
a toothed gear that cuts the magnetic field of the
pickup. The output of the sensor is a square-wave
ac voltage. This voltage is converted to a
proportional dc voltage in asignal conditioner.
The output of the signal conditioner is used in



control functions as well as for indications of
equipment speed. Figure 5-32 shows the magnetic
speed pickup transducer used in an LM2500
power turbine.

The most important thing you should
remember when replacing a speed pickup is to
check the depth setting. You can measure the
depth clearance with either a special tool supplied
by the equipment manufacturer or a depth
micrometer. Set the proper clearance by using
either shims or locknuts. If you do not set the
clearance properly, the magnetic sensor will be
either too close to the toothed gear or too far from
it. If it istoo close, it may be damaged by the
rotating gear. If it is too far from the gear, the
unit will fail to give the proper voltage signal.
Always refer to the appropriate manufacturer’s
technical manual when you replace a magnetic
Speed sensor.

VIBRATION SENSORS

One of the first indications of internal damage
to gasturbinesis high vibration. High-vibration
conditions can be indications of failed bearings,
damaged blading, or a dirty compressor. The GTEs found
on Navy ships use velocity vibration and accelerometer-
type pickups. Figure 5-33 shows a typical velocity
vibration pickup used on GTEs.

VIBRATION
TRANSDUCER

Figure 5-33.—Velocity vibration transducer.

The vibration pickup is a linear velocity
transducer (transfers mechanical energy to
electrical energy). The magnetic circuit is closed
through the circular air gap between the pole piece
sleeve in the case and the pole pieces on the
magnet assembly. The air gap is interrupted by
the coils. (The flux field in the ar gap is
normally aligned with the approximate midpoint
of the two coils by the centering action of the two
springs.) As the engine vibrates, the rigidly
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Figure 5-32—Magnetic speed pickup used on the LM 2500 power turbine.



mounted case and coil move with the vibration.
Dueto itsinertia, the magnet assembly remains
stationary. The coil windings cut through the
magnetic field in the air gap, inducing a voltage
in the coils. This voltage is proportional to the
velocity of vibration. You may use vibration filters
to filter out the frequencies that are transmitted

from sources external to the gas turbine. By the
use of these filters, you can narrow the cause of
vibration down to one section of an engine. On
the LM 2500 the power turbine operates at a slower
speed than the gas generator. By use of filters,
you can determine the location of the engine
vibration. You can tell if it is from the

FLAME DETECTOR BLOCK DIAGRAM
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Figure 5-34—Flame-detector block diagram and typical flame detector.
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lower-frequency power turbine or the higher-
frequency gas generator.

ULTRAVIOLET FLAME DETECTOR

Ultraviolet flame detectors are used in GTMs
to detect the presence of fire. These sensors are
used along with temperature sensors in the
LM2500. They are used alone in the Allison
501-K17 for fire protection. The fire detection
system alerts the operator of fire in the module.
On twin-shaft ships it also activates the fire stop
sequence and releases fire-extinguishing agents to
extinguish a fire in the Allison 501-K17 module
or in the LM 2500 module.

Flame Detector

The flame detector (fig. 5-34) is an electronic
tube that responds to UV radiation in ordinary
flames. It is insensitive to infrared (IR) and
ordinary visible light sources. The tube has two
symmetrical electrodes within the gasfilled
envelope. It operates on pulsating dc. Alternating

current enters the detector and is stepped up
by a transformer. This ac is then rectified to
pulsating dc, which is fed to the UV sensor.
Ultraviolet light containing wavelengths in the
range of 1900 to 2100 angstrom units ionize the
gas in the tube. This allows the current to flow
through the tube. The current then goes to a pulse
transformer which couples it to the signal
conditioner.

Flame-Detector Signal Conditioner

The flame-detector signal conditioner (fig.
5-35) is contained in a metal box. The box is
attached to the underside of the base/enclosure
of the LM2500. On the Allison 501-K 17, the unit
is located in the aarm terminal box on the
generator end of the module base.

Identical detector cards (one for each UV
sensor) are located in the signa conditioner. The
detector card amplifies, rectifies, and filters the
current pulses from the UV sensor. This provides
an output voltage level proportional to the UV
light level at the UV sensor.

_ ) SIGNAL CONDITIONER
I ! BLOCK DIAGRAM
g N NO. |
UV SENSOR | oETEcTOR
NO. | q CARD
N oloe
|
A NO. 2
UV SENSOR J ' —DETECTOR COMPARATOR ALARM TO FIRE
NG, 2 i CARD CARD > RELAY EXTINGUISHING
N (s) (J3) R2 CIRCUIT
J .
' +
1 NO, 3 - —J
‘ L} . INTERLOCK
UV SENSOR L DETECTOR ‘ INTERLOCK SIGNALS
NO. 3 | CARD - RELAY ™ 10 sHIPS
K| e RI CONSOLE
L i
! |
DC POWER
[ POWER 10 ALL
nsv oaceonz__ | Jem L, [rower | sueeLy TON
POWER INPUT FILeR[ ¢ %1 CARD
L TRANSFORMER o > CONDITIONER
CARDS
LEGEND:
SIGNAU o __ 115V AC 60 HZ POWER

INTERLOCK WIRING DC POWER

LOW LEVEL 60 HZ POWER

Figure 5-35.—Flame-detector signal conditioner block diagram and typical signal conditioner unit.
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SUMMARY covered. You may come across other types

of specialized sensors or indicating instruments

In this chapter we introduced you to  not covered in this chapter. If you have any

many of the sensing and indicating devices guestions on indicating instruments, aways

found on gas turbine ships. Only the most refer to the appropriate manufacturer’s technical
common and frequently used devices were manual.
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CHAPTER 6

PIPING SYSTEM COMPONENTS

As a GSE3 or GSM3, some portion of your
daily routine will involve working with valves,
steam traps, filters and strainers, heat exchangers,
piping, gasket and packing materials, fasteners,
and insulation. You will be responsible for routine
maintenance of this equipment in your spaces and
possibly throughout the ship. The machinery of
a system cannot work properly unless the piping
system components that make up that system are
in good working order. The information in this
chapter, asit is throughout the book, is of a broad
and general nature. You should refer to the
appropriate manufacturer’s technical manuals
and/or ship’s plans, information books, and plant
or valve manuals for specific problems with
individual equipment.

After studying this chapter, you should have
the knowledge to be able to (1) identify,
maintain, and repair the various types of
manually, mechanically, remotely, electrically,
and pneumatically operated valves common to the
gas turbine propelled class ships; the various types
of steam traps common in the waste heat systems;
the various types of strainers and filters used in
the ships' fuel oil, lube ail, hydraulic oil, and air
systems; the various types of heat exchangers used
in ships' auxiliary systems; the various types of
piping, tubing, and hose assemblies; and the
various fittings, unions, joints, supports, hangers,
and safety shields used with the above com-
ponents; (2) identify, select, and properly use
gaskets, packing material, and O-rings used for
repair and maintenance; (3) identify, inspect, and
select the correct fasteners used for securing the
components of various piping systems or valves;
and (4) select and install the correct insulation
materials used in today’s modern naval ship
systems.

VALVES

A valve is any device used for the control of
fluids in a closed system. In this section we will
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discuss valve construction and the most common
types of valves you will use in the day-to-day
operation and maintenance of the various ship-
board engineering systems. Valves are typed or
classified according to their use in a system.

VALVE CONSTRUCTION

Valves are usually made of bronze, brass, cast
or malleable iron, or steel. Steel valves are either
cast or forged and are made of either plain steel
or aloy steel. Alloy steel valves are used in high-
pressure, high-temperature systems; the disks and
seats (internal sealing surfaces) of these valves are
usually surfaced with a chromium-cobalt alloy
known as Stellite. Stellite is extremely hard.

Brass and bronze valves are never used in
systems where temperatures exceed 550°F. Steel
vaves are used for al services above 550°F and
in lower temperature systems where internal or
external conditions of high pressure, vibration,
or shock would be too severe for valves made of
brass or bronze. Bronze valves are used almost
exclusively in systems that carry salt water. The
seats and disks of these valves are usualy made
of Monel, a metal that has excellent corrosion-
and erosion-resistant qualities.

Most submarine seawater valves are made of
an aloy of 70 percent copper to 30 percent nickel
(70/30).

VALVE TYPES

Although many different types of valves are
used to control the flow of fluids, the basic valve
types can be divided into two general groups: stop
vaves and check valves.

Besides the basic types of valves, many special
valves, which cannot really be classified as either
stop valves or check valves, are found in the
engineering spaces. Many of these valves serve to
control the pressure of fluids and are known as
pressure-control valves. Other valves are identified
by names that indicate their general function, such



as thermostatic recirculating valves. The follow-
ing sections deal first with the basic types of stop
valves and check valves, then with some of the
more complicated specia valves.

Stop Valves

Stop valves are used to shut off or, in some
cases, partially shut off the flow of fluid. Stop
valves are controlled by the movement of the valve
stem. Stop valves can be divided into four general
categories: globe, gate, butterfly, and ball valves.
Plug valves and needle valves may also be
considered stop valves. Since plug valves and
needle valves are covered sufficiently in Fireman,
NAVEDTRA 10520, we will not discuss them in
this manual.

GLOBE VALVES—GIobe valves are prob-
ably the most common valves in existence. The
globe valve derives its name from the globular
shape of the valve body. However, positive
identification of a globe valve must be made
internally because other valve types may have
globular appearing bodies. Globe valve inlet and
outlet openings are arranged in several ways to
suit varying requirements of flow. Figure 6-
shows the common types of globe valve bodies;
straight-flow, angle-flow, and cross-flow. Globe
valves arc used extensively throughout the
engineering plant and other parts of the ship in
avariety of systems.

GATE VALVES—Gate valves are used when
a straight-line flow of fluid and minimum

STRAIGHT~FLOW ANGLE-FLOW

CROSS-~FLOW

Figure 6-1.—Types of globe valve bodies.
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restriction is desired. Gate valves are so named
because the part which either stops or allows flow
through the valve acts somewhat like the opening
or closing of agate and is called, appropriately,
the gate. The gate is usually wedge shaped. When
the valve is wide open, the gate is fully drawn up
into the valve, leaving an opening for flow
through the valve the same size as the pipe in
which the valve is installed. Therefore, thereis
little pressure drop or flow restriction through the
valve. Gate valves are not suitable for throttling
purposes since the control of flow would be
difficult due to valve design and since the flow
of fluid slapping against a partially open gate can
cause extensive damage to the valve. Except as
specifically authorized, gate valves should not be
used for throttling.

Gate valves are classified as either RISING-
STEM or NONRISING-STEM valves. On the
nonrising-stem gate valve shown in figure 6-2, the
stem is threaded on the lower end into the gate.
As the handwheel on the stem is rotated, the gate
travels up or down the stem on the threads, while
the stem remains vertically stationary. This type
of valve aimost always has a pointer-type indicator
threaded onto the upper end of the stem to
indicate valve position.
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Figure 6-2—Cutaway view of a gate valve (nonrising-stem
type).



The rising-stem gate valve, shown in figure
6-3, has the stem attached to the gate; the gate
and stem rise and lower together asthe valveis
operated.

Gate valves used in steam systems have flexible
gates. The reason for using a flexible gate is to
prevent binding of the gate within the valve when
the valve isin the closed position. When steam
lines are heated, they will expand, causing some
distortion of valve bodies. If a solid gate fits
snugly between the seat of a valve in a cold
steam system, when the system is heated and
pipes elongate, the seats will compress against
the gate, wedging the gate between them and
clamping the valve shut. This problem is over-
come by use of a flexible gate (two circular
plates attached to each other with a flexible hub
in the middle). This design alows the gate to flex
as the valve seat compresses it, thereby preventing
clamping.

BUTTERFLY VALVES—The butterfly
vave, one type of which is shown in figure 6-4,
may be used in a variety of systems aboard ship.
These valves can be used effectively in freshwater,
saltwater, JP-5, F-76 (naval digtillate), lube oil,
and chill water systems aboard ship. The butterfly

Figure 6-3—Cutaway view of a gate valve (rising-stem
type).
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Figure 6-4—Butterfly valve.

valve is light in weight, relatively small, relatively
quick-acting, provides positive shut-off, and can
be used for throttling.

The butterfly valve has a body, a resilient seat,
a butterfly disk, a stem, packing, a notched
positioning plate, and a handle. The resilient seat
is under compression when it is mounted in the
valve body, thus making a sea around the
periphery of the disk and both upper and lower
points where the stem passes through the seat.
Packing is provided to form a positive seal around
the stem for added protection in case the seal
formed by the seat should become damaged.

To close or open a butterfly valve, turn the
handle only one quarter turn to rotate the disk
90°. Some larger butterfly valves may have a
handwheel that operates through a gearing
arrangement to operate the valve. This method
is used especially where space limitation prevents
use of along handle.

Butterfly valves are relatively easy to maintain.
The resilient seat is held in place by mechanical
means, and neither bonding nor cementing is
necessary. Because the seat is replaceable, the
vave seat does not require lapping, grinding, or
machine work.

BALL VALVES—Ball valves, as the name
implies, are stop valves that use a ball to stop or



start the flow of fluid. The ball (fig. 6-5) performs
the same function as the disk in the globe valve.
When the valve handle is operated to open the
valve, the ball rotates to a point where the hole
through the ball is in line with the valve body
inlet and outlet, When the valve is shut, which
requires only a 90° rotation of the handwheel for
most valves, the ball is rotated so the hole is
perpendicular to the flow openings of the valve
body, and flow is stopped.

Most ball valves are of the quick-acting type
(requiring only a 90° turn to operate the valve
either completely open or closed), but many are
planetary gear operated. This type of gearing
alows the use of arelatively small handwheel and
operating force to operate a fairly large valve. The
gearing does, however, increase the operating time
for the valve. Some ball valves contain a swing
check located within the ball to give the valve a
check valve feature. Ball valves are normally
found in the following systems aboard ship:
seawater, sanitary, trim and drain, air, hydraulic,
and oil transfer.

Check Valves

Check valves are used to allow fluid flow in
a system in only one direction. They are operated
by the flow of fluid in the piping. A check valve
may be of the swing type, lift type, or ball

type.

RETAINER NUT HANDWHEEL

THRUST
WASHER

HANDWHEEL
BUSHING

BOOY

SEAT
RETAINER
RING

SEAT

Figure 6-5.—Typical seawater ball valve.
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As we have seen, most valves can be classified
as being elther stop valves or check valves. Some
valves, however, function either as stop valves or
as check valves-depending on the position of the
valve stem. These valves are known as STOP-
CHECK VALVES.

A stop-check valve is shown in cross section
in figure 6-6. This type of vave looks very much
like a lift-check valve. However, the valve stem
is long enough so when it is screwed al the way
down it holds the disk firmly against the seat, thus
preventing any flow of fluid. In this position, the
valve acts as a stop valve. When the stem is raised,
the disk can be opened by pressure on the inlet
side. In this position, the valve acts as a check
valve, alowing the flow of fluid in only one
direction. The maximum lift of the disk is
controlled by the position of the valve stem.
Therefore, the position of the valve stem limits
the amount of fluid passing through the valve
e;len when the valve is operating as a check
valve.

Stop-check valves are widely used throughout
the engineering plant. Stop-check valves are

HANDWHEEL

NUT
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HANDWHEEL
STEM
= YOKE BUSHING
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GLAND
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PACKING
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Ny T

GASKET

DISK

800Y

Figure 6-6.—Stop-check valve.



used in many drain lines and on the discharge side
of many pumps.

Special-Purpose Valves

There are many types of automatic pressure
control valves. Some of them merely provide an
escape for pressures exceeding the normal
pressure; some provide only for the reduction of
pressure; and some provide for the regulation of
pressure.

RELIEF VALVES—Relief valves are
automatic valves used on system lines and equip-
ment to prevent overpressurization. Most relief
valves simply lift (open) at a preset pressure and
reset (shut) when the pressure drops only dightly
below the lifting pressure. Figure 6-7 shows a relief
valve of this type. System pressure simply acts
under the valve disk at the inlet of the valve. When
system pressure exceeds the force exerted by the
valve spring, the valve disk lifts off its seat, allow-
ing some of the system fluid to escape through
the valve outlet until system pressure is reduced
to just below the relief set point of the valve. The
spring then reseats the valve. An operating lever
is provided to alow manua cycling of the relief
valve or to gag it open for certain tests. Virtually
al relief valves are provided with some type of
device to alow manua cycling.

Other types of relief valves are the high-
pressure (HP) air safety relief valve and the bleed
air surge relief valve. Both of these types of valves
are designed to open completely at a specified lift

CAP

GAG SCREW
UPPER SPRING STEP

RETAINING RING

LOWER SPRING
STEP

Figure 6-7.—Typical relief valve.
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pressure and to remain open until a specific reset
pressure is reached-at which time they shut.
Many different designs of these valves are used,
but the same result is achieved.

SPRING-LOADED REDUCING
VALVES—Spring-loaded reducing valves, one
type of which is shown in figure 6-8, are used in
a wide variety of applications. Low-pressure air
reducers and others are of this type. The valve
simply uses spring pressure against a diaphragm
to open the valve. On the bottom of the
diaphragm, the outlet pressure (the pressure in the
reduced pressure system) of the valve forces the
disk upward to shut the valve. When the outlet
pressure drops below the set point of the valve,
the spring pressure overcomes the outlet pressure
and forces the valve stem downward, opening
the valve. As the outlet pressure increases,
approaching the desired value, the pressure under
the diaphragm begins to overcome spring
pressure, forcing the valve stem upwards,
shutting the valve. You can adjust the downstream
pressure by removing the valve cap and turning
the adjusting screw, which varies the spring
pressure against the diaphragm. This particular

AP
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Figure 6-8.—Pressure-reducing (spring-loaded) valve.



spring-loaded valve will fail in the open position
if a digphragm rupture occurs.

REMOTE-OPERATED VALVES—Remote
operating gear is installed to provide a means of
operating certain valves from distant stations.
Remote operating gear may be mechanical,
hydraulic, pneumatic, or electric.

Some remote operating gear for valves is
used in the normal operation of valves. For
example, the main drain system manual valves are
opened and closed by areach rod or a series of
reach rods and gears. Reach rods may be used to
operate engine-room valves in instances where the
valves are difficult to reach from the operating
stations.

Other remote operating gear is installed as
emergency equipment. Some of the main drain

and amost al of the secondary drain system
valves are equipped with remote operating gears.
You can operate these valves locally, or in an
emergency, you can operate them from remote
stations. Remote operating gear also includes a
valve position indicator to show whether the valve
is open or closed.

PRESSURE-REDUCING VALVES—Pres-
sure-reducing valves are automatic valves that
provide a steady pressure into a system that is at
alower pressure than the supply system. Reducing
valves of one type or another are found, for
example, in firemain, seawater, and other systems.
A reducing valve can normally be set for any
desired downstream pressure within the design
limits of the valve. Once the valve is set, the
reduced pressure will be maintained regardless of

CONTROLLED
PRESSURE

Y TO DIAPHRAGM
CONTROL VALVE

Figure 6-9.—Air-operated control pilot.
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“ROM CONTROL

changes in the supply pressure (as long as the
supply pressure is at least as high as the reduced
pressure desired) and regardless of the amount of
reduced pressure fluid that is used.

Various designs of pressure-reducing valves
are in use. Two of the types most commonly
found on gas turbine ships are the spring-loaded
reducing valve (already discussed) and the air-pilot
operated diaphragm reducing valve.

Air-pilot operated diaphragm control valves
are used extensively on naval ships. The valves
and pilots are available in several designs to meet
different requirements. They may be used to
reduce pressure, to increase pressure, as unloading
valves, or to provide continuous regulation of
pressure. Valves and pilots of very similar design
can also be used for other services, such as liquid-
level control and temperature control.

The air-operated control pilot may be either
direct acting or reverse acting. A direct-acting, air-
operated control pilot is shown in figure 6-9. In
this type of pilot, the controlled pressure-that
is, the pressure from the discharge side of the
diaphragm control valve-acts on top of a
diaphragm in the control pilot. This pressure is
balanced by the pressure exerted by the pilot
adjusting spring. If the controlled pressure
increases and overcomes the pressure exerted by
the pilot adjusting spring, the pilot valve stem is
forced downward. This action causes the pilot

OPERATING
AIR PRESSURE -»f3

PILOT

SUPERSTRUCTURE

HIGH
PRESSURE
STEAM

Figure 6-10.—Diaphragm control valve, downwar d-seating
type.

valve to open, thereby increasing the amount of
operating air pressure going from the pilot to the
diaphragm control valve. A reverse-acting pilot
has a lever that reverses the pilot action. In a
reverse-acting pilot, therefore, an increase in
controlled pressure produces a decrease in
operating air pressure.

In the diaphragm control valve, operating air
from the pilot acts on the valve diaphragm. The
superstructure, which contains the diaphragm, is
direct acting in some valves and reverse acting in
others. If the superstructure is direct acting, the
operating air pressure from the control pilot is
applied to the TOP of the valve diaphragm. If
the superstructure is reverse acting, the operating
air pressure from the pilot is applied to the
UNDERSIDE of the valve diaphragm.

Figure 6-10 shows a very simple type of direct-
acting diaphragm control valve with operating air
pressure from the control pilot applied to the top
of the valve diaphragm. Since the valve in the
figure is a downward seating valve, any increase
in operating air pressure pushes the valve stem
downward toward the closed position.

Now look at figure 6-11. Thisis aso a direct-
acting valve with operating air pressure from
the control pilot applied to the top of the

OPERATING
AIR PRESSURE
FROM CONTROL

PILOT
SUPERSTRUCTURE
REDUCED HIGH
PRESSURE PRESSURE
STEAM STEAM

Figure 6-11.—Diaphragm control valve, upward-seating
type.
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valve diaphragm. Note that the valve shown in
figure 6-11 is more complicated than the one
shown in figure 6-10 because of the added springs
under the seat. The valve shown in figure 6-11 is
an upward seating valve rather than a downward
seating valve. Therefore, any increase in operating
air pressure from the control pilot tends to OPEN
this valve rather than to close it.

As you have seen, the air-operated control
pilot may be either direct acting or reverse acting.
The superstructure of the diaphragm control valve
may be either direct acting or reverse acting. And,
the diaphragm control valve may be either upward
seating or downward seating. These three factors,
as well as the purpose of the installation,
determine how the diaphragm control valve and
its air-operated control pilot are installed in
relation to each other.

To see how these factors are related, let's
consider an installation in which a diaphragm
control valve and its air-operated control pilot are
used to supply controlled-steam pressure.

Figure 6-12 shows one arrangement that you
might use. Assume that the service requirements
indicate the need for a direct-acting, upward-
seating diaphragm control valve. Can you figure
out which kind of a control pilot-direct acting
or reverse acting-should be used in this
installation?

Try it first with a direct-acting control pilot.
As the controlled pressure (discharge pressure
from the diaphragm control valve) increases,
increased pressure is applied to the diaphragm of
the direct-acting control pilot. The valve stem is

CONTROL
PILOT

OPERATING
AIR PRESSURE

AIR SUPPLY

HIGH-PRESSURE

REDUCED -PRESSURE
STEAM STEAM

CIAPHRAGM CONTROL
VALVE

Figure 6-12—Arrangement of control pilot and diaphragm
control valve for supplying reduced-steam pressure.

pushed downward and the valve in the control
pilot is opened. This increases the operating air
pressure from the control pilot to the top of the
diaphragm control valve. The increased operating
air pressure acting on the diaphragm of the valve
pushes the stem downward, and since thisis an
upward seating valve, this action OPENS the
diaphragm control valve still wider. Obviously,
this won’'t work for this application. An
INCREASE in controlled pressure must result
in a DECREASE in operating air pressure.
Therefore, we made a mistake in choosing the
direct-acting control pilot. For this particular
pressure-reducing application, you should choose
a REVERSE-ACTING control pilot.

It is not likely that you will be required to
decide which type of control pilot and diaphragm
control valve is needed in any particular
installation. But you must know how and why
they are selected so you do not make mistakes in
repairing or replacing these units.

PRIORITY VALVES—In systems with two
Or more circuits, it is sometimes necessary to have
some means of supplying all available fluid to one
particular circuit in case of a pressure drop in the
system. A priority valve is often incorporated in
the system to ensure a supply of fluid to the
critical/vital circuit. The components of the
system are arranged so the fluid to operate each
circuit, except the one critical/vital circuit, must

A. PRIORITY FLOW

PRIORITY FLOW

ADJUSTING NUT BOOY

POPPET PISTON  SPRING

B. FREE FLOW

Figure 6-13.—Priority valve.



flow through the priority valve. A priority valve
may aso be used within a subsystem containing
two or more actuating units to ensure a supply
of fluid to one of the actuating units. In this case,
the priority valve is incorporated in the subsystem
in such a location that the fluid to each actuating
unit, except the critical/vital unit, must flow
through the valve.

Figure 6-13 shows one type of priority valve.
View A of figure 6-13 shows the valve in the
priority-flow position; that is, the fluid must flow
through the valve in the direction shown by the
arrows to get to the noncritical/vital circuits or
actuating units. With no fluid pressure in the
valve, spring tension forces the piston against the
stop and the poppet seats against the hole in the
center of the piston. As fluid pressure increases,
the spring compresses and the piston moves to the
right. The poppet follows the piston, seating the
hole in the center of the piston until the pre-
set pressure is reached. (The preset pressure
depends upon the requirements of the system and
is set by the manufacturer.) Assume that the

DI SCHARGE STOP VALVE

critical/vital circuit or actuating unit requires
1500 psi. When the pressure in the valve reaches
1500 psi, the poppet reaches the end of its travel.
As the pressure increases, the piston continues to
move to the right, which unseats the poppet and
allows flow through the valve, as shown in view
A of figure 6-13. If the pressure drops below 1500
psi, the compressed spring forces the piston to the
left, the poppet seats, and flow through the valve
stops.

Figure 6-13, view B, shows the priority valve
in the free-flow position. The flow of fluid moves
the poppet to the left, the poppet spring
compresses, and the poppet unseats. This allows
free flow of fluid through the valve.

VALVE MANIFOLDS

Sometimes suction must be taken from one of
many sources and discharged to another unit or
units of either the same or another group. A valve
manifold is used for this type of operation. An
example of such a manifold (fig. 6-14) is the fuel

SUCTION STOP
CHECK VALVE

DI SCHARGE

SUCTION
VALVES

D1 SCHARGE
CONNECTION

PUMP SUCTION CONNECTION

Figure 6-14—Valve manifold showing cutaway view of the valves and typical combination of suction and discharge valves.
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ail filling and transfer system where provision
must be made for the transfer of oil from any tank
to any other tank, to the service system, or to
another ship. If, for example, the purpose is to
transfer oil from tank No. 1 to tank No. 4, the
discharge valve for tank No. 4 and the suction
valve from tank No. 1 are opened, and all other
valves are closed. Fuel oil can now flow from tank
No. 1, through the suction line, through the
pump, through the discharge valve, and into tank
No. 4. The manifold suction valves are often of
the stop-check type to prevent draining of pumps
when they are stopped.

VALVE HANDWHEEL
IDENTIFICATION AND
COLOR CODING

Vaves are identified by markings inscribed on
the rims of the handwheels, by a circular label
plate secured by the handwheel nut, or by label
plates attached to the ship’s structure or to the
adjacent piping.

Piping system valve handwheels and operating
levers are marked for training and casualty
control purposes with a standardized color code.
Color code identification is in conformance with
the color scheme of table 6-1. Implementation of
this color scheme provides uniformity among al
naval surface ships and shore-based training
facilities.

MAINTENANCE

Preventive maintenance is the best way
to extend the life of valves and fittings.
Always refer to the applicable portion of the
Sandard Navy Valve Technical Manual, NAV-
SEA 0948-LP-012-5000, if possible. When making
repairs on more sophisticated valve types, use the
available manufacturer’ s technical manuals. As
soon as you observe a leak, determine the cause,
and then apply the proper corrective maintenance.
Maintenance may be as simple as tightening a
packing nut or gland. A leaking flange joint may
need only to have the bolts tightened or to have
anew gasket or O-ring inserted. Dirt and scale,
if allowed to collect, will cause leakage. Loose
hangers permit sections of aline to sag, and the
weight of the pipe and the fluid in these sagging
sections may strain joints to the point of leakage.

Whenever you are going to install a valve, be
sure you know the function the valve is going to
perform-that is, whether it must start flow, stop
flow, regulate flow, regulate pressure, or
prevent backflow. Inspect the valve body for the
information that is stamped upon it by the
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Table 6-1.—Valve Handwheel Color Code

VALVE HANDWHEEL

FLUID & OPERATING LEVER
STEAM................ WHITE
POTABLE-WATER ... .. DARK BLUE
NITROGEN............ LIGHT GRAY

HP AIR ............... DARK GRAY
LPAIR................ TAN
OXYGEN.............. LIGHT GREEN

SALT WATER ......... DARK GREEN

JP-5 PURPLE

FUELOIL ............. YELLOW
LUBEOIL............. STRIPED YELLOW/BLACK
FIRE PLUGS .......... RED

FOAM DISCHARGE ... STRIPED RED/GREEN

GASOLINE ............ YELLOW
FEEDWATER .......... LIGHT BLUE
HYDRAULIC .......... ORANGE
HYDROGEN........... CHARTREUSE
HELIUM ........... ... BUFF

HELIUM/OXYGEN .... STRIPED BUFF/GREEN

SEWAGE

manufacturer: type of system (oil, water, gas),
operating pressure, direction of flow, and other
information.

You should also know the operating
characteristics of the valve, the metal from which
it is made, and the type of end connection with
which it is fitted. Operating characteristics and
the material are factors that affect the length and
kind of service that a valve will give;, end
connections indicate whether or not a particular
valve is suited to the installation.

When you install valves, ensure they are
readily accessible and allow enough headroom for
full operation. Install valves with stems pointing
upward if possible. A stem position between
straight up and horizontal is acceptable, but avoid
the inverted position (stem pointing downward).
If the valve is installed with the stem pointing
downward, sediment will collect in the bonnet and
score the stem. Also, in aline that is subject to
freezing temperatures, liquid that is trapped in the
valve bonnet may freeze and rupture it.



Since you can install a globe valve with

pressure either above the disk or below the disk
(depending on which method will be best for the
operation, protection, maintenance, and repair of
the machinery served by the system), you should
use caution. The question of what would happen
if the disk became detached from the stem is a
major consideration in determining whether
pressure should be above the disk or below it. If
you are required to install a globe valve, be SURE
to check the blueprints for the system to see which
way the valve must be installed. Very serious
casualties can result if avalveisinstalled with
pressure above the disk when it should be below
the disk, or below the disk when it should be
above.

Valves that have been in constant service for a

long time will eventually require gland tightening,
repacking, or a complete overhaul of al parts. If
you know that a valve is not doing the job for
which it was intended, dismantle the valve and
inspect all parts. You must repair or replace all
defective parts.

The repair of globe valves (other than routine

renewal of packing) islimited to refinishing the

1.STEM & STEM THREADS-REMOVE BURRS AND
PAINT. CLEAN WITH RAGS OR CROCUS CLOTH, DO
NOT PAINT.

2 STRONGBACK/PACKING RETAINER-CLEAN WITH
WIRE BRUSH AND USE A LIGHT SILICONE SPRAY
LUBRICANT.

1 GLAND-CLEAN WITH RAGS OR
NOT PAINT, (INTERNAL).

CROCUS CLOTH,

4. VALVE BONNET-CLEAN WITH WIRE BRUSH; PAINT.

seat and/or disk surface. When doing this work,
you should observe the following precautions:

@ When refinishing the valve seat, do not re-
move more material than is necessary. You
can finish valves that do not have replace-
able valve seats only a limited number of
times.

Before doing any repair to the seat and disk
of a globe valve, check the valve disk to
make certain it is secured rigidly to and is
square on the valve stem. Also, check to be
sure that the stem is straight. If the stemis
not straight, the valve disk cannot seat
properly.

Carefully inspect the valve seat and valve
disk for evidence of wear, for cuts on the
seating area, and for improper fit of the
disk to the seat. Even if the disk and seat
appear to be in good condition, you should
perform a spot-in check to find out
whether they actually are in good
condition.

Figure 6-15 shows a standard checkoff
diagram for performing a routine inspection and
minor maintenance of a valve.

11. YOKE-CLEAN WITH WIRE BRUSH; PAINT.

10

12.GLAND STUD-ENSURE AT LEAST ONE BUT NOT
MORE THAN FOUR THREADS VISIBLE; CLEAN WITH
WIRE BRUSH; DO NOT PAINT.

13.GLAND STUD NUT-CLEAN WITH WIRE BRUSH;
ENSURE NUT “RUNS" FREELY ON GLAND STUD;
PRESERVE WITH A LIGHT SILICONE LUBRICANT.

5. VALVE BODY*—-CLEAN WITH WIRE BRUSH; PAINT.

6. VALVE DISC-INSPECT FOR CUTS, CRACKS AND
REPORT ANY ABNORMALITIES TO THE CPO AS THIS
COMPONENT OR PART IS VITAL FOR THE SAFE AND
PROPER OPERATION OF A SYSTEM. BLUE THE DIsC
AND CHECK SEAT FOR PROPER SEATING SURFACE.

7. VALVE SEAT-INSPECT FOR CUTS, AND CRACKS AND
REPORT ANY ABNORMALITIES TO THE CPO AS THIS
PARTICULAR COMPONENT OR PART IS ALSO VITAL
FOR SAFE AND PROPER OPERATION OF A SYSTEM.

8. VALVE [IDENTIFICATION TAG-ENSURE TAG IS
READABLE. REPLACE WHEN REASSEMBLING.

9. VALVE HANDWHEEL-CLEAN WITH A WIRE BRUSH;
DO NOT PAINT.

14. BODY-BONNET STUD-ENSURE AT LEAST ONE BUT
NOT MORE THAN FOUR THREADS VISIBLE; CLEAN
WITH WIRE BRUSH; DO NOT PAINT.

15. BODY-BONNET STUD NUT-CLEAN WITH WIRE
BRUSH; PAINT.

16. GLAND STUFFING BOX-USE CORRECT STYLE SIZE
AND ENSURE PACKING IS CUT PROPERLY. THE
STYLE REFERS TO SERVICE OF VALVE AND
TEMPERATURE OF LIQUID.

¢ ON VALVE BODIES ASSOCIATED WITH S$/W SYSTEMS
WHERE “SWEATING" IS PREVELANT, DO NOT PAINT THE
BODY. INSTEAD, WIRE BRUSH TO REMOVE VETIGRIS
AND PRESERVE WITH A LIGHT SILICONE LUBRICANT.

NOTE:
1 ON ALL THREADS, A SILICONE LUBRICANT SHOULD
10. STEM BUSHING-CLEAN WITH WIRE BRUSH; DO NOT BE APPLIED TO PREVENT SEIZING AND TO RETARD
PAINT. FLEXITALIC RUST AND CORROSION,

Figure 6-15—Valve maintenance
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checkoff diagram.



Spotting-In Valves

The method used to visually determine
whether the seat and the disk of a valve make
good contact with each other is called spotting-
in. To spot-in a valve seat, you first apply a thin
coating of Prussian blue (commonly called Blue
Dykem) evenly over the entire machined face
surface of the disk. Insert the disk into the valve
and rotate it one-quarter turn, using a light
downward pressure. The Prussian blue will adhere
to the valve seat at those points where the disk
makes contact. Figure 6-16 shows the appearance
of acorrect seat when it is spotted-in; it also shows
the appearance of various kinds of imperfect
seats.

After you have noted the condition of the seat
surface, wipe all the Prussian blue off the disk
face surface. Apply athin, even coat of Prussian
blue to the contact face of the seat and place the
disk on the valve seat again and rotate the disk
one-quarter turn. Examine the resulting blue ring
on the valve disk. The ring should be unbroken
and of uniform width. If the blue ring is broken
in any way, the disk is not making proper
contact with the seat.

Grinding-In Valves

The manual process used to remove small
irregularities by grinding together the contact
surfaces of the seat and disk is called grinding-
in. Grinding-in should not be confused with
refacing processes in which lathes, valve reseating
machines, or power grinders are used to re-
condition the seating surfaces.

7~ Y

OUT OF ROUND SEAT STRINGY SEAT

i
CORRECT
i

TOO WIDE TOO HIGH

Figure 6-16.—Examples of spotted-in valve seats.
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To grind-in a valve, first apply alight coating
of grinding compound to the face of the disk.
Then insert the disk into the valve and rotate the
disk back and forth about one-quarter turn; shift
the disk-seat relationship from time to time so the
disk will be moved graduadly, in increments
through several rotations. During the grinding
process, the grinding compound will gradualy be
displaced from between the seat and disk surfaces;
therefore, you must stop every minute or so to
replenish the compound. When you do this, wipe
both the seat and the disk clean before applying
the new compound to the disk face.

When you are satisfied that the irregularities
have been removed, spot-in the disk to the seat
in the manner previously described.

Grinding-in is aso used to follow up all
machining work on valve seats or disks. When the
valve seat and disk are first spotted-in after they
have been machined, the seat contact will be very
narrow and will be located close to the bore.
Grinding-in, using finer and finer compounds as
the work progresses, causes the seat contact to
become broader. The contact area should be a
perfect ring covering about one-third of the
seating surface.

Be careful to avoid overgrinding a valve seat
or disk. Overgrinding will produce a groove in the
seating surface of the disk; it will also round
off the straight, angular surface of the disk.
Machining is the only process by which over-
grinding can be corrected.

Lapping Valves

When a valve seat contains irregularities that
are dlightly larger than can be satisfactorily
removed by grinding-in, the irregularities can be
removed by lapping. A cast-iron tool (lap) of
exactly the same size and shape as the valve disk
is used to true the valve seat surface. The follow-
ing are some precautions you should follow when
lapping valves:

e Do not bear heavily on the handle of the
lap.

e Do not bear sideways on the handle of the
lap.

® Change the relationship between the lap
and the valve seat occasionally so that the
lap will gradually and slowly rotate around
the entire seat circle.



Keep a check on the working surface of
the lap. If a groove develops, have the lap
refaced.

Always use clean compound for lapping.
Replace the compound frequently.
Spread the compound evenly and lightly.

Do not lap more than is necessary to
produce a smooth even seat.

Always use a fine grinding compound to
finish the lapping job.

Upon completion of the lapping job, spot-
in and grind-in the disk to the seat.

You should use only approved abrasive
compounds for reconditioning valve seats and
disks. Compounds for lapping valve disks and
seats are supplied in various grades. Use a coarse
grade compound when you find extensive
corrosion or deep cuts and scratches on the disks
and seats. Use a medium grade compound as a
follow-up to the coarse grade; you may also use
it to start the reconditioning process on valves that
are not too severely damaged. Use a fine grade
compound when the reconditioning process nears
completion. Use a microscopic-fine grade for
finish lapping and for all grinding-in.

Refacing Valves

Badly scored valve seats must be refaced in
a lathe, with a power grinder, or with a valve
reseating machine. However, the lathe, rather
than the reseating machine, should be used for
refacing all valve disks and all hard-surfaced valve
seats. Work that must be done on a lathe or with
a power grinder should be turned over to shop
personnel.

Repacking Valves

If the stem and packing of a valve are in good
condition, you can normally stop packing gland
leaks by tightening up on the packing. You must
be careful, however, to avoid excessive thread
engagement of the packing gland studs (if used)
and to avoid tightening old, hardened packing
which will cause the valve to seize. Subsequent
operation of such a valve may score or bend the
stem.
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Coils, rings, and corrugated ribbon are the
common forms of packing used in valves. The
form of packing to be used in repacking a
particular valve will depend on the valve size,
application, and type. Packing materials will be
discussed in tnore detail later in this chapter.

STEAM TRAPS

Steam traps are installed in steam lines to drain
condensate from the lines without allowing the
escape of steam. There are many different designs
of steam traps; some are suitable for high-pressure
use and others for low-pressure use.

TYPES OF STEAM TRAPS

Some types of steam traps that are used in the
Navy are the mechanical steam traps, bimetallic
steam traps, and orifice-type steam traps.

Mechanical Steam Traps

Mechanical steam traps in common use in-
clude bucket-type traps and ball-float traps.

The operation of the bucket-type steam trap,
shown in figure 6-17, is controlled by the

TEST
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Figure 6-17.—Bucket-type steam trap.



condensate level in the trap body. The bucket
valve is connected to the bucket in such a way that
the valve closes as the bucket rises. As condensate
continues to flow into the trap body, the valve
remains closed until the bucket is full. When the
bucket is full, it sinks and thus opens the valve.
The valve remains open until enough condensate
has blown out to allow the bucket to float, thus
closing the valve.

Figure 6-18 shows a ball-float steam trap. This
trap works much in the same way as the bucket
trap. Condensate and steam enter the body of the
trap, and the condensate collects at the bottom.
As the condensate level rises, the ball float rises
until it is raised enough to open the outlet valve
of the trap. When the outlet valve opens, the
condensate flows out of the trap into the drain
system, and the float level drops, shutting off the
valve until the condensate level rises again.

Bimetallic Steam Traps

Bimetallic steam traps of the type shown in
figure 6-19 are used in many ships to drain
condensate from main steam lines, auxiliary steam
lines, and other steam components. The main
working parts of this steam trap are a segmented
bimetallic element and a ball-type check valve.

The bimetallic element has several bimetallic
strips fastened together in a segmented fashion,
as shown in figure 6-19. One end of the bimetallic
element is fastened rigidly to a part of the valve
body; the other end, which is free to move, is
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Figure 6-18.—Hall-float steam trap.
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Figure 6-19.—Bimetallic steam trap.

fastened to the top of the stem of the ball-type
check valve.

Line pressure acting on the check valve keeps
the valve open. When steam enters the trap body,
the bimetallic element expands unequally because
of the different response to the temperature of
the two metals; the bimetallic element deflects up-
ward at its free end, thus moving the valve stem
upward and closing the valve. As the steam cools
and condenses, the bimetallic element moves
downward, toward the horizontal position, thus
opening the valve and alowing some condensate
to flow out through the valve. As the flow of
condensate begins, an unbalance of line pressure
across the valve is created; since the line pressure
is greater on the upper side of the ball of the check
valve, the valve now opens wide and alows a full
capacity flow of condensate.

Orifice Steam Traps

Aboard ship, continuous-flow steam traps of
the orifice type are used in systems or servicesin
which condensate forms at a fairly steady rate.
Figure 6-20 shows one orifice-type steam trap.

Several variations of the orifice-type steam
trap exist, but all have one thing in common-
they have no moving parts. One or more restricted
passageways or orifices allow condensate to trickle
through but do not alow steam to flow through.
Besides orifices, some orifice-type steam traps
have baffles.
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Figure 6-20.—Constant-flow drain orifice.

MAINTENANCE

A dtrainer is installed just ahead of each steam
trap. The strainer must be kept clean and in good
condition to keep scale and other foreign matter
from getting into the trap. Scale and sediment can
clog the working parts of a steam trap and
serioudly interfere with the working of the trap.

Steam traps that are not operating properly
can cause problems in systems and machinery.
One way to check on the operation of a steam trap
isto listen to it. If the trap is leaking, you will
probably be able to hear it blowing through.
Another way to check the operation of steam traps
IS to check the pressure in the drain system. A
leaking steam trap causes an unusual increase in
pressure in the drain system. When observing this
condition, you can locate the defective trap by
cutting out (isolating from the system) traps, one
at atime, until the pressure in the drain system
returns to normal.

Y ou should disassemble, clean, and inspect
defective steam traps. After determining the cause
of the trouble, repair or replace parts as required.
In some steam traps, you can replace the main
working parts as a unit; in others, you may have
to grind in a seating surface, replace a disk, or
perform other repairs. You should reseat defective
trap discharge valves. Always install new gaskets
when reassembling steam traps.

FILTERS AND STRAINERS

Fluids are kept clean in a system principally
by devices such as filters and strainers. Magnetic

plugs (fig. 6-21) also are used in some strainers
to trap iron and steel particles carried by fluid.
Studies have indicated that even particles as small
as 1 to 5 microns have a degrading effect, causing
failures and hastening deterioration in many cases.
There will always be controversy over the
exact definitions of filters and strainers. In the
past, many such devices were named filters but
technically classed as strainers. To minimize
the controversy, the National Fluid Power
Association gives us these definitions:

FILTER—A device whose primary function
is the retention, by some porous medium, of
insoluble contaminants from a fluid.

STRAINER—A coarse filter.

To put it smply, whether the device is afilter
or astrainer, itsfunction is to trap contaminants
from fluid flowing through it. “Porous medium”
simply refers to a screen or filtering material that
allows fluid flow through it but stops various
other materials.

MESH AND MICRON RATINGS

Filters, which may be made of many materials
other than wire screen, are rated by MICRON
size. A micron is one-millionth of a meter or
39-millionths of an inch. For comparison, a grain
of salt is about 70 microns across. The smallest
particle visible to the naked eye is about
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Figure 6-21.—Magnetic plugs.



RELATIVE SIZE OF MICRONIC PARTICLES
MAGNIFICATION 500 TINES

fe) 149 MICRONS-100 MESH
2 MICRONS
325 MESH
@)
5 MICRONS

RELATIVE SIZES

NRANIITE Vieaw

LOWER LIMIT OF VISIB!LITY (NAKED EYE)
WHITE BLOOD CELLS . . . .
RED BLOOD CELLS

BACTERIA (COCCI).

O

8 MICRONS

N
\_/

25 MICRONS

. 40 MICRONS
. 25 MICRONS
8 MICRONS
2 MICRONS

LINEAR EQUIVALENTS
1 INCH 25.4 MILLIMETERS 25,400 MICRONS
1 MILLIMETER 0.0394 INCHES 1,000 MICRONS
1 MICRON 25,400 OF AN INCH 0.001 MILLIMETERS
1 MICRON 3.94 x 103 0.000039 INCHES
SCREEN SIZES
MESHES PER u.s. OPENING IN OPENING IN

LINEAR INCH SIEVE NO. INCHES MICRONS

52.38 50 0.0117 297.0

72.45 70 0.0083 210.0

101.01 100 0.0059 149.0

142.86 140 0.0041 105.0

200.00 200 0.0029 74.0

270.26 270 0.0021 53.0

323.00 325 0.0017 44.0

0.00039 10.0

0.000019 0.5

Figure 6-22.—Relationship of micron sizes.
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40 microns. Figure 6-22 shows the relationship of
the various micron sizes with mesh and standard
sieve sizes.

A simple screen or awire strainer is rated for
filtering “fineness” by a MESH number or its
near equivalent, STANDARD SIEVE number.
The higher the mesh or sieve number, the finer
the screen.

When a filter is specified as so many microns,
it usually refers to the filter’s NOMINAL rating.
A filter nominaly rated at 10 microns, for
example, would trap most particles 10 microns in
size or larger. The filter’s ABSOLUTE rating,
however, would be a somewhat higher size,
perhaps 25 microns. The absolute rating is the size
of the largest opening or pore in the filter.
Absolute rating is an important factor only when
it is mandatory that no particles above a given
size be alowed to circulate in the system.
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Figure 6-23.—Inlet line filter.

Figure 6-24.—Inlet strainer.

FILTER/STRAINER LOCATION

There are three general areasin a system for
locating afilter; theinlet line, the pressure line,
or a return line. Both filters and strainers are
available for inlet lines. Filters are normally
used in other lines.

Inlet Filters and Strainers

Figure 6-23 shows the location of an inlet
line filter. An inlet line filter is usually
a relatively coarse mesh filter. A fine mesh
filter (unless it is very large) creates more
pressure drop than can be tolerated in an
inlet line.

Figure 6-24 shows a typical strainer of the type
installed on pump inlet lines inside a reservoir.
It is relatively coarse as filters go, being
constructed of fine mesh wire. A 100-mesh
strainer protects the pump from particles above
about 150 micronsin size.

Pressure Line Filters

A number of filters are designed for
installation right in the pressure line (fig. 6-25)
and can trap much smaller particles than inlet
line filters. Such a filter might be used where
system components, such as valves, are less
dirt-tolerant than the pump. The filter thus
would trap this fine contamination from the
fluid as it leaves the pump. Pressure line
filters must be able to withstand the operating
pressure of the system.
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Figure 6-25.—Pressure line filter.



Return Line Filters

Return line filters (fig. 6-26) also can trap very
small particles before the fluid returns to the
reservoir/tank. They are particularly useful in
systems which do not have large reservoirg/tanks
to allow contaminants to settle out of the fluid.
A return line filter is nearly amust in a system
with a high-performance pump, which has very
close clearances and usually cannot be sufficiently
protected by an inlet line filter.

FILTER/STRAINER MATERIALS

The materials used in filters and strainers are
classified as mechanical, absorbent, or adsorbent.
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Figure 6-26.—Return line filter.
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Figure 6-27.—Filler assembly using a surface-type element.

Most strainer material is of the mechanical type
which operates by trapping particles between
closely woven metal screens and/or disks, and
metal baskets. The mechanical type of material
Is used mostly where the particles removed from
the medium are of arelatively coarse nature.

Absorbent filters are used for most minute-
particle filtration in fluid systems. They are made
of a wide range of porous materials, including
paper, wood pulp, cotton, yarn, and cellulose.
Paper filters are usually resin-impregnated for
strength.

Adsorbent (or active) filters, such as charcoal
and Fuller’s earth, are used mostly in gaseous or
vapor systems. This type of filter materia should
not be used in hydraulic systems since they remove
essential additives from the hydraulic fluid.

CONSTRUCTION OF
FILTER ELEMENTS

Filter elements are constructed in various
ways. The three most common filter element
construction types are the surface-type (most
common), the depth-type, and the edge-type.

Surface-type filter elements (fig. 6-27) are
made of closely woven fabric or treated paper with
pores to allow fluid to flow through. Very
accurate control of the pore size is a feature of
the surface-type elements.

A depth-type filter element (fig. 6-28) is
composed of layers of a fabric or fibers which
provide many tortuous paths for the fluid to flow
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Figure 6-28.—Depth-type filter element.



through. The pores or passages vary in size, and
the degree of filtration depends on the flow rate.
Increases in flow rate tend to dislodge trapped
particles. Thisfilter is limited to low-flow, low
pressure-drop conditions.

An edge-type filter element (fig. 6-29)
separates particles from fluids passing between
finely spaced plates. The filter shown features
stationary cleaner blades that scrape out the
collected contaminants when the handle is twisted
to turn the element.

TYPES OF FILTERS

In this section we will discuss the various filters
(ssimplex, duplex, full flow, proportional flow,
and indicator) that you will most frequently find
installed in equipment.

Simplex Filter

The simplex filter has one or more cylindrically
shaped fine mesh screens or perforated metal
sheets. The size of the opening in the screens or
the perforated metal sheets determines the size of
particles filtered out of the fluid. The design of
this type of filter is such that total flow must pass
through a simplex filter.

CLEANING
BLADES

Figure 6-29.—Edge-type filter element.

Duplex Filters

Duplex filters are similar to simplex filters
except in the number of elements and in provision
for switching the flow through either element. A
duplex filter may consist of a number of single
element filters arranged in parallel operation, or
it may consist of two or more filters arranged
within a single housing. The full flow can be
diverted, by operation of valves, through any
single element. The duplex design is most
commonly used in fuel or hydraulic systems
because the ability to shift to an offline filter when
the elements are cleaned or changed is desirable
without the system being secured.

Full-Flow Filters

The term full-flow applied to a filter means
that all the flow into the filter inlet port passes
through the filtering element. In most full-flow
filters, however, there is a bypass valve preset to
open at a given pressure drop and divert flow past
the filter element. This prevents a dirty element
from restricting flow excessively. Figure 6-30
shows afull-flow filter. Flow, as shown, is out-
to-in; that is, from around the element through
it to its center. The bypass opens when total flow
can no longer pass through the contaminated
element without raising the system pressure. The
element is replaceable after removing a single bolt.
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Figure 6-30.—Full-flow filter.



Proportional-Flow Filters

A proportional-flow filter (fig. 6-31) may use
the Venturi effect to filter a portion of the fluid
flow. The fluid can flow in either direction. As
it passes through the filter body, a venturi throat
causes an increase in velocity and a decrease in
pressure. The pressure difference forces some of
the fluid through the element to rejoin the main
stream at the venturi. The amount of fluid filtered
is proportional to the flow velocity. Hence the
name proportional-flow filter.

Indicating Filters

Indicating filters are designed to signal the
operator when the element needs cleaning. There
are various types of indicators, such as color-
coded, flag, pop-up, and swing arm. Figure 6-32
shows a color-coded indicating filter. The element
is designed so it begins to move as the pressure
increases due to dirt accumulation. One end is
linked to an indicator that shows the operator just

how clean or dirty the element is. Another feature
of this type of filter is the ease and speed with
which the element can be removed and replaced.
Most filters of this kind are designed for inlet line
installation.

Filter/Separator

The filter/separator is a two-stage unit
consisting of a coalescer stage and a separator
stage within a single housing. Each stage is made
up of replaceable elements, the number of which
is determined by such considerations as the
capacity of the elements in gallons per minute
(gpm) and the elements dirt retaining properties.
Coalescer elements filter solids from the fluid and
cause small particles of undissolved water to
combine (coalesce) into larger drops of water that,
because of their weight, will settle in the
filter/separator sump. Separator elements are
provided to remove any remaining free water that
has not coalesced. Water that accumulates in the

VENTURI THROAT

Figure 6-31.—Proportional-flow filter.
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any substantial increase in the overall size and
weight of the unit.

Type of Construction

Surface heat exchangers are often given
names that indicate general features of design and
construction. Basically, all surface heat ex-
changers are of SHELL-AND-TUBE construc-
tion. However, the shell-and-tube arrangement is
modified in various ways and in some cases it is
not easy to recognize the basic design. Shell-and-
tube heat exchangers include such types as
(1) straight tube, (2) U-bend tube, (3) helical or
spiral tube, (4) double tube, (5) strut tube, and
(6) plate tube heat exchangers.

STRAIGHT TUBE.—In straight tube heat
exchangers, the tubes are usually arranged in a
bundle and enclosed in a cylindrical shell. The
ends of the tubes may be expanded into a tube
sheet at each end of the bundle, or they may be
expanded into one tube sheet and packed and
ferruled into the other. The ferrules alow the tube
to expand and contract dightly with temperature
changes.

U-BEND TUBE.—U-bend tube heat ex-
changers, sometimes called RETURN BEND heat
exchangers, have a bundle of U-shaped tubes
inside a shell. Since the tubes are U-shaped, there
Is only one tube sheet. The shape of the tubes
provides enough allowance for expansion and
contraction.

HELICAL OR SPIRAL TUBE.—Helica or
spiral tube heat exchangers have one or more coils
of tubing installed inside a shell. The tubes may
communicate with headers at each end of the shell
or, if a relatively simple unit, the ends of the
tubing may pass through the shell and serve as the
inlet and the outlet for the fluid that flows through
the coil of tubing.

DOUBLE TUBE.—Double tube heat ex-
changers have one tube inside another. One fluid
flows through the inner tube and the other fluid
flows between the outer and inner tubes. The
outer tube may thus be regarded as the shell for
each inner tube. The shells, or outer tubes, are
usually arranged in banks and are connected at
one end by a common tube sheet with a
partitioned cover that serves to direct the
flow. Many double tube heat exchangers are of
U-bend construction to alow for expansion and
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contraction. The fuel oil service/transfer heaters,
commonly used by the Navy, are examples of a
double tube heat exchanger.

STRUT TUBE AND PLATE TUBE.—Strut
tube and plate tube heat exchangers are noticeably
different in design from the other shell-and-tube
heat exchangers. The tubes in both strut tube and
plate tube heat exchangers consist of pairs of flat,
oblong strips; one fluid flows inside the tubes and
the other flows around the outside. Strut tube and
plate tube heat exchangers are used primarily as
water coolers and lubricating oil coolers in
internal-combustion engines; they are also used
as lube oil coolers for start air compressors.

Direction of Flow

In surface heat exchangers the fluids may flow
parallel to each other, counter to each other, or
at right angles to each other.

PARALLEL FLOW.—In parallel flow (fig.
6-33), both fluids flow in the same direction. If
aparallel flow heat exchanger has a lengthy heat
transfer surface, the temperatures of the two
fluids will be practically equal as the fluids leave
the heat exchanger.

COUNTERFLOW.—In counterflow (fig.
6-34), the two fluids flow in opposite directions.
Counterflow heat exchangers are used in many
applications that require large temperature
changes in the cooled or heated fluids. Fuel oil
heaters, lube oil coolers, and many internal-
combustion engine coolers are examples of this

type.

CROSSFL OW.—In crossflow (fig. 6-35), one
fluid flows at right angles to the other. Crossflow
is particularly useful for removing latent heat,
thus condensing a vapor to a liquid. Counterflow
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Figure 6-33.—Parallel flow in heat exchanger.
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Figure 6-32.—Color-coded indicating filter.

filter/separator sump is removed through a drain
line, either automatically or manually.

In-Line or Cone Filter

In-line or cone filters have conical-shaped fine
mesh screen or perforated metal sheet that is
inserted into the system pipe and secured by a set
of flanges. Its system application determines
whether it is considered afilter or strainer. It is
most commonly used in seawater systems, where
it is considered a strainer. This type of filter is
prohibited in fuel systems.

MAINTENANCE

Proper operation of filters, strainers, and filter
separators is essential for satisfactory gas turbine
and diesel engine performance. Besides clogging
the systems with foreign matter, continued
operation with unfiltered fluids results in
accelerated pump wear and system degradation.
Routine maintenance of filters, strainers, and
filter/separators is adequately covered in Naval
Ships’ Technical Manual, Chapter 541,
“Petroleum Fuel Stowage, Use, and Testing,”
paragraphs 541-8.51 through 541-8.59.

HEAT EXCHANGERS

Any device or apparatus designed to alow the
transfer of heat from one fluid (liquid or gas) to

6-21

another fluid is a heat exchanger. Distilling plants,
MRG lube oil coolers, fuel oil transfer heaters,
and fuel oil service heaters are primary examples
of heat exchangers; in common usage, however,
they are not referred to as heat exchangers.

For heat to transfer from one substance to
another, a difference in the temperature of the
two substances must exist. Heat flow or heat
transfer can occur only from a substance that is
at a higher temperature to a substance that is at
alower temperature. When two objects that are
at different temperatures are placed in contact
with one another, or near each other, heat will
flow from the warmer object to the cooler one
until both objects are at the same temperature.
Heat transfer occurs at a faster rate when there
is a large temperature difference than when there
is only a slight temperature difference. As the
temperature difference approaches zero, the rate
of heat flow also approaches zero.

In some heat exchangers we want to RAISE
THE TEMPERATURE of one fluid. Fuel ail
heaters, combustion air preheaters, lube oil
heaters, and many other heat exchangers used
aboard ship serve this function.

In other heat exchangers, we want to LOWER
THE TEMPERATURE of one fluid. Lube oil
coolers, start air coolers, and bleed air coolers are
examples of this type of heat exchanger.

In this section we describe some of the heat
exchangers that you will find in the engineering
spaces.

CLASSIFICATION OF
HEAT EXCHANGERS

Heat exchangers may be classified according
to the path of heat flow, the relative direction of
the flow of the fluids, the number of times either
fluid passes the other fluid, and the genera
construction features, such as the type of surface
and the arrangement of component parts. The
types of heat exchangers in common use in naval
ships are described in the following sections by
these basic methods of classification.

Type of Surface

Surface heat exchangers are known as PLAIN
SURFACE units if the surface is relatively
smooth, or as EXTENDED SURFACE units if
the surface is fitted with rings, fins, studs, or some
other kind of extension. The main advantage of
the extended surface unit is that the extensions
increase the heat transfer area without requiring
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Figure 6-35.—Crossflow in heat exchanger.

and crossflow heat exchangers are more com-
monly used than the parallel flow aboard ship.
In many heat exchangers, the types of flow are
combined in various ways so it is not always easy
to determine whether the flow is basically parallel,
counter, or Cross.

Number of Passes

Surface heat exchangers may be classified as
SINGLE-PASS units if one fluid passes another
only once, or as MULTIPASS unitsif one fluid
passes another more than once. Multipass flow
is obtained by the arrangement of the tubes and
the fluid inlets and outlets or by the use of baf-
fles to guide a fluid so it passes the other fluid
more than once before it leaves the heat
exchanger.

Path of Heat Flow

When classified according to the path of heat
flow, heat exchangers are of two basic types. In
the INDIRECT or SURFACE heat exchanger, the
heat flows from one fluid to the other through
atube, plate, or other surface that separates the
two fluids; in the DIRECT-CONTACT heat
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exchanger, the heat is transferred directly from
one fluid to another as the two fluids mix.
Practically al heat exchangers used aboard Navy
ships are of the indirect or surface type.

MAINTENANCE OF
HEAT EXCHANGERS

Foreign matter lodged on or in the tubes of
a heat exchanger interferes with and reduces the
rate of heat transfer from one fluid to the other.
Heat exchangers requiring the most attention are
those where the cooling medium is seawater.
Marine growth can form on the tube surfaces and,
in extreme cases, completely block the flow.

The seawater side of the tubes should be
cleaned as often as necessary. The intervals will
depend on the rate that slime, marine growth,
scale, mud, oil