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ERRATA #1
Specific Instructions and Errata for
Training Manual ( TRAMAN)
GAS TURBINE SYSTEMS TECHNI G AN (MECHANI CAL) 2
1. No attenpt has been nade to issue corrections for errors in typing,

punctuation, etc.

Whenever the following manuals are referenced, nake the indicated changes
the training manual:

a.

b.
.

d.

Change Tools and Their Uses, NAVEDTRA 10085, to Use and Care of Hand

Tool s and Measuring Tools, NAVEDTRA 12085.

Change NAVPERS 10868E (change 2), to NAVPERS 18068 (VOLUME 1)

Change Blueprint Reading and Sketching, NAVEDTRA 10077, to Blueprint

Readi ng and Sketching, NAVEDTRA 12014.

Change Electrician's Mite 3&2, NAVEDTRA 10546-F to Electrician's Mte,
NAVEDTRA 12164.

Change the following itenms in the training nanual:

Delete all references to "Patrol conbat mssile hydrofoils" and "PHW
t hroughout the TRAMAN.

In all cases where "AEL M |/M Il" appears, change to read "Free Water
Detector (FWD)."
In all cases where "AEL M IIIl" appears, change to read "Contam nated

Fuel Detector (CFD)."

Page 2-8, at the end of the paragraph just before the heading "Fl ash
Point Tester," add a new sentence to read "The conbined features of the
FWb and CFD are found in the conbined contaninated fuel detector
(CCFD) . "

Page 2-12, under the heading "Refueling Evolution," to the end of the
first sentence add "if sedinent is present."

Page 2-12, under the heading "BS&W TEST," delete procedural steps 1- 8
followng " two 100-mlliliter (mL) centrifuge tubes, and a centrifuge.
Replace with "Perform the BS&W test by following the procedures in NSTM
Chapter 541."

Page 2-13, under the heading "APl Gavity Test," delete the |ast
sentence of the second paragraph and replace with "Perform the API
Qavity Test by following the procedures in NSTM Chapter 541." Delete
all information in procedural steps 1-5.

Page 2-13, under the heading "FLASH PO NT TEST," delete the |ast
sentence of the second paragraph to replace with "Perform the Flash
Point Test by following the procedures in NSTM Chapter 541." Delete all
information in procedural steps 1-8 up to "Water Contamination Test" on
page 2-14.



Page 2-14, under the heading "Service Tank Replenishnent," change the

| ast sentence of the third paragraph to read "If the service tank
remains idle for over 48 hours, perform a visual sanple and recircul ate
the fuel if sediment or water is present." Under the heading "AEL M
[11" (which now is changed to Contam nated Fuel Detector (CFD)), after
the sentence "All the equiprment and parts you will need are stored in
the unit," delete the remainder of the paragraph and all information in
procedural steps 1-11 up to "Wth a little practice..." on page 2-15. Add
"Perform the Contam nated Fuel Test by following the procedures in NSTM
Chapter 541."

Page 2-16, under the heading "AEL M I1" (which now is changed to "Free
Water Detector," delete the last sentence of the first paragraph and
add "Perform the Free Water Test by following the procedures in NSTM
Chapter 541." Also delete all information in procedural steps 1-10.

Page 2-17, under heading "Testing," change the last sentence of the
third paragraph to read "Perform the FSI|I test by followng the
procedures in NSTM Chapter 542." Also delete all information in
procedural steps 1-11.

Page 2-19, under heading ‘Thief Mthod," change |ast sentence of first
paragraph to read "Perform a thief sanple by following the procedures

in NSTM Chapter 262." Also delete all information in procedural steps
1- 6.

Page 2-20, under heading "Standards," change second paragraph to read
"After the haze has settled out, invert the sanple bottle and |ook for

sediment or water particles. If you observe any particulate matter or
water, your sanple has failed the clear and bright criteria. Additional
testing will be required to determine the suitability of the oil. The
additional tests required depend on the type of oil and the equipnent
it lubricates."”

Page 2-20, under the heading "BS&W Test" in the first paragraph, change
the first sentence to read "You will perform the BS&W test on all 2000
series oils."

Page 2-21, under the heading "Mneral Gl Contanination Test," change
the last sentence of the first paragraph to read "To perform the
Mneral Gl Contanination Test, use the procedures in NSTM Chapter
234." Also delete all information in procedural steps 1-4.

Page 2-21, under the heading ‘G| Acidity Test," change the |ast
sentence of the first paragraph to read "Perform the G| Acidity Test
by following the procedures in NSTM Chapter 233." A so delete all
information in procedural steps 1-5.

Page 2-21, under the heading "Fuel Dlution and G Thickening Test,"
change the last sentence of the first paragraph to read "Perform the
Fuel Dilution and G| Thickening tests by following the procedures in
NSTM Chapter 233." A so delete all information in procedural steps 1-6
and information up to the paragraph starting with "The standards of the
test are logical..." on page 2-22.

Page 2-24, under the heading "STEAM NG BOLERS' in item #6, change "1
hour" to "90 mnutes."”

Page 2-25, in Table 2-1 in the last row under the second colum titled
"Test Frequency," change "Wthin 2 hours after light off and daily
thereafter" to ‘Wthin 2 - 3 hours after light off and daily
thereafter.”" In the last row under "Maximum Limt or Range," change "5
ppb" to "15 ppb." Also in the fifth row, "Distiller Ar FEector
Drains," under the columm titled "Test Frequency," change "As
required*" to "Daily."

Pages 2-36 through 2-38, Figures 2-15, 2-16, and 2-17, add "Note: See
NSTM Chapter 220, Volume 2, Section 27, for sanple entries utilizing
these forms."

Page 3-4, wunder the heading "Starter Air Systent in the second
paragraph, change the third sentence to read: "This valve is



controllable at the PLCC or PACC and can provide either one of two
functions :..."
Page 3-18, under the heading "Gas Turbine Control" in the third

v,
paragraph, change the second sentence to read: "Wen the operator
depresses the ON push button, the signal is conbined with the HGH
PRESS or BLEED indication signal in the input/output nultiplexer
hardware."

w. Page 3-23, under the heading "Fuel Gl Service System in the third
paragraph, change the first sentence to read: "The suction and return
el ectric-operated valves are electrically connected so when the tank
suction valve is opened, the return valve also opens."

Xx. Page 4-21, under the heading "Deaerating Feed Tank," change "within 2
hours after start-up and daily thereafter" to ‘within 2 - 3 hours after
start-up and daily thereafter."

y. Page 6-1, change Chapter 6 title from "LCAC AND PHM PROPULSI ON SYSTEMS'

to "LCAC PRCPULSION SYSTEMS." Delete all references to "patrol
combatant nissile (hydrofoil)" and "PHM"
z. Page 6-7, under the heading "Air Bleed System" change conbustor to

conpr essor.
aa. Page 6-47, under the heading "SUWARY," change the entire text to
read:

"This chapter has provided you with a variety of information to
help you becorme famliar with the propul sion systens and electrical
systens on the LCAC class ships.

In this chapter, we discussed several of the control systems used
on the LCAC. W also discussed the control console, the vessel's
electrical system and the APU W briefly described the LCAC s
mai nt enance system and the troubl eshooting techniques used in isolating
and repairing equiprent malfunctions.

As a GSM vyou nmay find yourself assigned to one of these ships.
This chapter should have provided you with a basic understanding of the
engi neering systens found on the LCAC-class ships."

bb. Page 7-1, under the heading "PRIME MOVERS," in the second paragraph,
delete "The Garrett ME 831-800A GIE is installed on the PHM class
ships."

cc. Page 7-9, under the heading "Hand Punp Assenbly," rewite the third
paragraph to read ‘Now that we have discussed the inportant design
differences in the Alison 501-K17 and K34 nodels, let's look at the
Sunstrand T-62T-40-7 auxiliary power unit (APU) found on the LCAGs. In
chapter 6, you were given an overview of this prine mover. In the
following section, we wll present additional information that you, the
GSM should be aware of concerning this inportant engine."

dd. Pages 7-9 through 7-25, delete the entire text from the heading
"GARRETT ME 831-800A" through and including "BLEEDAIR (DE-I1CI NG
SYSTEM "

ee. Pages 7-9 through 7-22, delete Figures 7-5 through 7-22.

ff. Page 7-32, under the heading ‘Start Fuel Solenoid Valve," change

"At 90 percent" to "At 65 percent."”

Page 7-47, under the heading "Water Washing," in the third paragraph,

delete "For exanple, let's look at the differences between the water

wash system installed on the Allison and the one installed on the

Garrett.”

hh. Page 7-47, change the heading "ALLISON AND GARRETT" to "ALLISON "
Delete the existing paragraph test and replace with "The water wash
system for the Allison is pernanently piped, and the ship's |ow
pressure air system provides the required pressure."”

gg.

(=]



ii. Page 7-48, under the heading "CUSTOMER BLEED AIR VALVE," in the first
sentence, delete the word ‘Garrett."

jj. Page 7-49, delete the headings "Garrett" and associated paragraphs in
both colums on the page.

kk. Page 7-49, under the heading "COMBUSTION LINER " delete "Garrett"” from
the text. Under the subheading "Sunstrand," delete ‘Like the Garrett"
and "Also like the Garrett."

[l. Page 7-49, under heading "COMBUSTCR DRAIN VALVES' and under the
subheading "Allison," delete "CGarrett."

nm Page 7-50, delete the word "Garrett" in all sentences or paragraphs on
the page. Under the heading "Cables," delete the last sentence in
paragraph. Under the heading "FUEL MANIFOLD DRAIN VALVES," delete the
first sentence and delete the heading ‘Allison." Delete the heading

"Garrett." and the sentence associated with the heading "Garrett."

nn. Page 7-56, delete the heading "PHM O ass Ships" and its associated
par agr aph.

00. Page 7-56, under the heading "Lubricating G| System" delete the
following sentence: "On the PHWMclass ships, the SSPUs use 23699 oil

for lubrication."”

pp. Page 7-59, under the heading "Cooling System” in the first paragraph,
delete "and the SSPU found on the PHM class ships."

qq. Page 7-61, under the heading ‘SUWARY," delete "the Garrett found on
the PHMclass ships."

Change the following itens in the appendices of the training manual:

a. Page Al-I, delete "BUKHEAD MOUNTED ELECTRONICS ENCLCSURE (BMEE)" and
its definition.

b. Page Al-3, delete "ENG NEER S OPERATING STATION (EOCS)" and its
definition.

c. Page Al-E, in the definition for "WASTE HEAT BO LER (WHB), "delete
"DDG 51."

d. Page All-3, delete "PHM and its definition.



PREFACE

By enralling in this sdlf-study course, you have demondirated a desire to improve yoursalf and the Navy.
Remember, however, this sdf-study course is only one part of the total Navy training program. Practical
experience, schodls, selected reading, and your desire to succeed are also necessary to successfully round
out a fully meaningful training program.

COURSE OVERVIEW: In completing this nonresident training course, you will demonstrate a
knowledge of the subject matter by correctly answering questions on the following: general engineering
administration; oil laboratory procedures and administration; engineering control system operation;
engineering support and auxiliary equipment and systems; propulsion plant sysems and drive train
equipment; LCAC and PHM propulsion systems; and an overview of eectric plants found aboard gas
trubine-powered ships.

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

1993 Edition Prepared by
GSCM(SW) Robert Kuzrian

Published by
NAVAL EDUCATION AND TRAINING
PROFESSIONAL DEVELOPMENT
AND TECHNOLOGY CENTER

NAVSUP L ogistics Tracking Number
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Sailor’s Creed

“l am a United States Sailor.

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

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

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

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

ASSIGNMENTS

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

SELECTING YOUR ANSWERS

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

SUBMITTING YOUR ASSIGNMENTS

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

Grading on the Internet:
Internet grading are:

Advantages to

* you may submit your answers as soon as
you compl ete an assgnment, and

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

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

assignments. To submit your
answers viathe Internet, go to:

assignment

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

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

COMMANDING OFFICER
NETPDTC N331

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

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

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

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

COMPLETIONTIME
Courses must be completed within 12 months

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



PASSFAIL ASSIGNMENT PROCEDURES

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

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

COMPLETION CONFIRMATION

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

ERRATA

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

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

STUDENT FEEDBACK QUESTIONS

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

For subject matter questions:

E-mail:  n314.products@cnet.navy.mil
Phonee  Comm: (850) 452-1001, Ext. 1826
DSN: 922-1001, Ext. 1826
FAX: (850) 452-1370
(Do not fax answer sheets.)
Addresss. COMMANDING OFFICER
NETPDTC N314
6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32509-5237

For enrollment, shipping, grading, or
completion letter questions

E-mail:  fleetservices@cnet.navy.mil
Phone: Toll Free: 877-264-8583
Comm: (850) 452-1511/1181/1859
DSN: 922-1511/1181/1859
FAX: (850) 452-1370
(Do not fax answer sheets.)
Addresss COMMANDING OFFICER
NETPDTC N331
6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

NAVAL RESERVE RETIREMENT CREDIT

If you are a member of the Naval Reserve, you
may earn retirement points for successfully
completing this course, if authorized under
current directives governing retirement of Naval
Reserve personndl. For Naval Reserve retire-
ment, this course is evaluated at 8 points. (Refer
to Administrative Procedures for Naval
Reservists on Inactive Duty, BUPERSINST
1001.39, for more information about retirement
points.)
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CHAPTER 1

ENGINEERING ADMINISTRATION

The higher you advance, the more responsibility
you will have for engineering administration. At this
stage in your naval career, you must become more
involved with the administration portion of your rating.
This chapter deals briefly with certain aspects of your
responsibilities in the areas of quality assurance and
engineering administration.

This manual is a source of information as you
continue training in the tasks you perform at the E-5
level of the Gas Turbine Systems Technician
(Mechanical) (GSM) rating. Your understanding of the
information in this training manual (TRAMAN)
combined with essential practical experience should
help you perform your assigned tasks and accept greater
responsibilities.

This TRAMAN should help increase your
knowledge of the GSM rating. It should also provide
you with a foundation from which you can begin your
study and preparation for advancement to second class
petty officer. Your contribution to the Navy, however,
will depend on your ability to accept increasing
responsibilities as you advance. When you assume the
duties of a GSM2, you accept certain responsibilities for
the work of others. As you advance in your career, you
also accept additional responsibilities in military
subjects and in the occupational and training
requirements for the Gas Turbine Specialist (GS) rating.

QUALITY ASSURANCE PROGRAM

Some of your additional responsibilities will
involve your support of the Navy’s quality assurance
(QA) program. The QA program is designed to provide
Navy personnel with the information and guidance they
need to manage a uniform policy of the maintenance and
repair of ships. The QA program introduces discipline
into the repair of equipment, safety of personnel, and
configuration control. All these factors will serve to
enhance your ship’s readiness.

QA MANUAL

Basically, the instructions in the QA manual apply
to every ship and activity in the force and state the
minimum QA requirements for the surface fleet. At
times, however, more stringent requirements will be

imposed by higher authority. These requirements will
take precedence over the minimum requirements set
forth in the basic QA manual. As part of your ship’s QA
program, your QA manual should reflect any necessary
additional requirements and changes to the basic QA
instructions.

For the most part, requirements set forth in the basic
QA manual pertain to the repair and maintenance done
by the force intermediate maintenance activities
(IMAs). These requirements, however, are also
designed to apply to maintenance performed aboard
ship by ship’s force.

Because there is a wide range of ship types,
equipment, and resources available for maintenance and
repair, the instructions in the basic QA manual are
general in nature. The overall goal is to have all repairs
conform to basic QA specifications. Each activity,
however, must carry out its own QA program to meet
the intent of the basic QA manual. In cases where
specifications cannot be met, your ship must complete
a departure-from-specifications request reporting these
conditions.

QA GOALS

The basic thrust of the QA program is to make sure
you follow technical specifications during all work on
ships of the surface fleet. The key elements of the
program include the following categories:

® Administration. Administrative requirements
include training and qualifying personnel,
monitoring and auditing programs, and
completing QA forms and records.

® Job execution. Job requirements include
preparing work procedures, meeting controlled
material requirements, and requisitioning
material. This category also includes conducting
in-process control of fabrication and repairs,
testing and recertifying equipment, and
documenting any departure from specifications.

A properly functioning QA program points out
problem areas to maintenance managers so they can take
corrective actions in a timely manner. The following
goals are common to all Navy QA programs:



1. To improve the quality, uniformity, and
reliability of the total maintenance effort

2. To improve work environment, tools, and
equipment used in the performance of
maintenance

3. To cut unnecessary man-hour and dollar
expenses

4. To improve the training, work habits, and
procedures of all maintenance personnel

5. To increase the excellence and value of reports
and correspondence generated by the
maintenance activity

6. To distribute required technical information
more effectively

7. To set up realistic material and equipment
requirements in support of the maintenance
effort

QA ORGANIZATION

The QA program for naval forces is organized into
different levels of responsibility. For example, the
COMNAVSURFPAC QA program includes the
following levels of responsibility: type commander,
readiness support group/area maintenance coordinator,
and IMAs. The QA program for COMNAVSURFLANT
includes five levels of responsibility: force commander,
audits, squadron commanders, IMAs, and force ships.

The QA program organization (Navy) begins with
the commander in chief of the fleets, who provides the
basic QA program organization responsibilities and
guidelines.

The type commanders (TYCOMs) provide
instruction, policy, and overall direction for
implementation and operation of the force QA program.
TYCOMs have a force QA officer assigned to control
the force QA program.

The commanding officers (COs) are responsible to
the force commander for QA in the maintenance and
repair of the ships. The CO is responsible for organizing
and implementing a program to carry out the provisions
of the TYCOM’s QA manual.

The CO ensures that all repair actions performed by
ship’s force conform to provisions of the QA manual as
well as to other necessary technical requirements.

The quality assurance officer (QAO) is
responsible to the CO for the organization,
administration, and execution of the ship’s QA program.

The QAO is responsible for coordinating the ship’s
QA training program and for maintaining the ship’s QA
records and test and inspection reports. The QAO
conducts QA audits as required and follows up on
corrective actions to assure compliance with the QA
program.

The ship quality control inspectors (SQCIs) must
have a thorough understanding of the QA program. The
SQCIs are usually the work center supervisor and two
others from the work center. The following list contains
some of the other responsibilities the SQCI will have:

1. Inspect all work for compliance with
specifications.

2. Maintain ship records to support the QA
program.

3. Make sure only calibrated equipment is used in
acceptance testing and inspection of work.

4. Witness and document all tests.

5. Make sure all materials or test results that fail to
meet specifications are recorded and reported.

SPECIFICATIONS

In the field of quality assurance, the following terms
are often misunderstood and confused: level of
essentialy and level of assurance. To eliminate some
of the confusion, this TRAMAN will define the levels
of essentiality and levels of assurance required for
equipment/systems on surface ships. There is no direct
connection between the two terms.

Levels of Essentiality

Some early failures in surface ship systems were
traced to the use of the wrong materials. This led to a
system of prevention that involved levels of essentiality.
A level of essentiality is a range of controls representing
a certain high degree of confidence that procurement
specifications have been met. The range of controls is
defined into two broad categories.

®  Verification of material

® (Confirmation of satisfactory completion of test
and inspections required by the ordering data

Levels of essentiality are codes that show the degree
to which the ship’s system, subsystem, or components
are necessary in the performance of the ship’s mission.
The ship assigns these codes according to the QA
manual. These codes show the impact that a catastrophic



failure would have on the ship’s mission capability and
safety of personnel.

Levels of Assurance

Quality assurance has three levels: A, B, and C.

Each level reflects certain quality verification

requirements of individual fabrication in process or
repair items. In the language of QA, the term
verification refers to the total level of quality controls,
tests, and inspections. Level A assurance provides for
the most stringent of restrictive verification techniques.
This level normally will require both quality controls
and test or inspection methods. Level B assurance
provides for adequate verification techniques. This level
normally will require limited quality controls and may
or may not require tests or inspections. Level C
assurance provides for minimum or “as necessary”
verification techniques. This level will require very little
quality control in regard to tests or inspections.

The QA concept involves preventing the occurrence
of defects. For this reason, QA covers all events from
the start of a maintenance action to its completion and
is the responsibility of all maintenance personnel.

By carefully following the procedures outlined in
your QA program manuals and by paying careful
attention to the quality of work, you will contribute to
the operational effectiveness of your ship. For further
in-depth knowledge about the QA procedures and
practices, consult your area COMNAVSURFLANT/
PACINST QA manual.

ENGINEERING LOGS, RECORDS, AND
REPORTS

As mentioned before, responsibility increases as
you advance in the GSM rating. Part of that
responsibility includes the maintenance of various logs,
records, and reports. You will be responsible for making
sure that the proper logs and records are used. Using the
proper logs and records will help your work center and
department adhere to proper equipment operation and
maintenance procedures.

ADMINISTRATION

Logs and records are a part of the Navy’s record
system. This system improves record keeping through
standardization, automation, speed, and efficiency.
Although the primary vehicle for record keeping aboard
ship is the Maintenance Material Management (3-M)
Systems, you will be required to become familiar with
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the administration procedures required for specific logs
and records of the engineering department.

Accurate, legible, and up-to-date engineering logs
and records plus the timely submission of accurate and
legible reports reflect efficient administration of the
engineering department. Logs and records maintained
by the engineering department provide the data for
engineering reports to higher authority. Reviewing the
logs, records, and reports will allow the engineer officer
an easy and effective method of keeping informed of the
state of the equipment in the department.

Proper administration of the engineering logs,
records, and reports system requires the regular and
conscientious attention of all engineering personnel.
The person filling out the log or record must have
knowledge of the material recorded or reported. Your
engineer officer has a record reference file containing
complete information on the methods of maintaining
required records. The engineer officer also uses a report
tickler file. Both files are important tools in the
administration of engineering logs and records.

There is no simple way for your department to
ensure the accuracy of logs, records, and reports. First,
the responsibility for keeping the logs and records and
preparing the reports must be set up within the
department. Next, the responsibility for checking and
verifying the data contained in the logs, records, and
reports must be assigned. The engineering department
and division organization manuals provide excellent
means for setting up departmental record-keeping
responsibilities. This is where your role of a second class
petty officer becomes more apparent. As a work center
supervisor, it will be your duty to review the logs and
records taken on engineering equipment. As a collateral
duty, it will be your responsibility to review the logs and
records for the entire engineering department. An
effective training program should acquaint engineering
personnel with the proper procedures for getting data
and maintaining records.

TYPES

Some engineering logs and records are mandatory.
This means they are required by law. Other logs and
records are essential for efficient operation of the
engineering plant. The following sections of this chapter
will briefly describe some of the logs, records, and
reports necessary for a well-administered engineering
department of a gas turbine-powered ship.



Legal Records

The engineering department must maintain certain
legal records. These records are in the category of
mandatory records required by law. The two legal
records the engineering department must maintain are
the Engineering Log and the Engineer’s Bell Book.

Engineering department personnel must make
certain that the Engineering Log and the Engineer’s Bell
Book are maintained in a conscientious and specific
manner. The following list contains some of the basic
guidelines you must follow while preparing or checking
these logs for accuracy:

® Do not make erasures.

® Any errors should be overlined and initialed by
the person who prepared the original entries. That
person should draw a single line through the
original entry so the entry remains legible. The
same person should then insert the correct entry
to assure clarity and legibility.

® The person who enters the change must initial
that change in the margin of the page.

® After the commanding officer signs either of
these records, no changes can be made without
his or her permission.

Operating Records

Engineering operating records assure the regular
inspection of operating machinery and provide data for
performance analysis. Operating logs and records do not
replace frequent inspections of operating machinery by
supervisory personnel nor do they warn of impending
casualties. They do, however, provide important
information on the performance of operating equipment.
Personnel who maintain operating logs and records
must be properly trained to interpret and record data
correctly and to report any abnormal conditions.

The following sections will briefly describe some
of the engineering operating logs and how you may
become involved with these logs as you advance in the
GSM rating. A more detailed description and examples
of the logs that are maintained by the oil lab will be

discussed irf_chapter 2 of this TRAMAN.

LUBRICATING OIL LOGS.- Because of the
importance of good quality lubricating oil, the Lube Oil
Management Program was developed. The guidelines
for this program are presented in the form of an
instruction. Although this instruction may vary
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somewhat in the procedures it includes, the goals are the
same. To accomplish these goals, gas turbine ships must
maintain lubricating oil logs.

Samples of lubricating oil should be taken at
definite intervals to determine whether the oil meets all
requirements. The results of the samples must be entered
in the proper log as specified in the Lube Oil
Management Program.

PETROLEUM FUEL LOGS.- Stringent fuel
quality requirements protect gas turbine engines from
serious damage, such as corrosion of the gas turbine hot
section, fouling of engine controls, and plugging of fuel
nozzles. Maintaining a fuel system log helps the
engineering department to achieve these requirements.

This log is a locally prepared document that
includes spaces for recording the results of all shipboard
fuel tests. The information in the fuel management log
serves as an integral part of shipboard maintenance. It
aids in the prevention of delivery of contaminated fuel
to the gas turbine engines. Whenever test results exceed
maximum parameters, the entries should include
notations that corrective actions have been taken.

JP-5 LOGS.- Since most gas turbine ships can
support helicopters, an aviation fuel (JP-5) system is
installed. Fuel quality requirements are more critical and
extensive for JP-5 fuel than other fuels. Minute amounts
of dirt and water in the fuel can cause engine failures.
To monitor for these conditions, the oil lab should
maintain a fuel sample log.

MARINE GAS TURBINE RECORDS.- Equip-
ment records are an essential element of the gas turbine
technical discipline. These records provide a history of
operations, maintenance, and configuration changes of
the equipment. Incomplete or inaccurate records can
cause unnecessary maintenance of equipment. All
activities having custody of marine gas turbine
equipment must maintain service records in a proper and
up-to-date status. Naval Ships’ Technical Manual
(NSTM), chapter 234, “Marine Gas Turbines,” includes
the procedures your department should follow to
maintain these records.

The Marine Gas Turbine Equipment Service Record
(MGTESR) is a comprehensive equipment service
record. This record is in the form of a looseleaf log

contained within a separate cover and bound in a binder.
The cover page of an MGTESR is shown in[figure 1-1]

The manufacturer of the equipment starts the
MGTESR. The MGTESR is later maintained by the
activity having custody of the equipment. The



MARINE GAS TURBINE
EQUIPMENT SERVICE RECORD

MAVST A 5400/1(10.74)

NUMUNCULATURAL OF LOUIPMLNE
GAS GENERATOR
MOLEL SLH_ NO, AUTHOMZLD UPLIATING
INTERVAL (IF APPLICABLE)
I LM2500PB101 GGA-999 ON-CONDITION
s INSTALLATION HISTORY
[
& HULL TYPE AND NO. SEAV'CE/POSITION DATE BY {Actvity)
H CcG 00 1A-AFT-STBD 6/11/83 | LITTON/INGALLS
DD 975 1B-AFT-PORT 9/30/84 | DD 975
: . DD 979 2A-FWD-PORT 4/22/88 | DD 979
' CG 52 1B-AFT-PORT 9/13/91 {cc 52

NOT USE STAPLES.

DEPARTMENT OF THE NAVY
NAVAL SEA SYSTEMS COMMAND

NOTE: DONGT AOLL OR BEND. When removed from the log book for separate shipment, this record
must be secured with 2 wilable fasicner (e.g., 8 metal lile lastener) at the points indicated, 00

Figure 1-1.—MGTESR Cover Sheet.

MGTESR always remains with its associated
equipment. If a gas turbine engine is removed from
the ship, for example, the associated record is
transferred with the engine. The same procedure is
followed even if only one of the removable accessories
is removed from the engine and shipped for repair. In
every case, the applicable service records must
always accompany the removed items.

The MGTESR binder consists of 10 separate
sections, each containing explicit information
concerning one particular gas turbine engine. The
following list contains the 10 sections of the MGTESR
binder:

1. Cover sheet

2. Marine Gas Turbine Engine (MGTE)

Custody and Transfer Record
3. MGTE Operating Log

4. MGTE Inspection Record 5. MGTE Record
of Rework

5. MGTE Technical Directives
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6. MGTE Miscellaneous/History
7. MGTE Selected Component Record

8. MGTE Selected Component Record (SCR)
Card

9. Supplemental records

The following paragraphs will briefly describe the
purpose of each of these sections.

Cover Sheet.— The MGTESR cover sheet is used
only for equipment identification and installation
data. The engine/equipment is identified by serial
number. The installation history entries continue in
the spaces provided to generate a chronological
record of nonrepair activities at which the equipment
was installed.

MGTE Custody and Transfer Record.— When
an MGTESR is transferred as a part of an equipment
transaction from one activity to another, the MGTE



NAVSEA 9400/2(10-74) IFRONT}

MGTE CUSTODY AND TRANSFER RECORD

{Permanant Record}

EQUIPMENTY NAME EQUIPMENT MODEL/TYPE SERIAL NO.
GAS GENERATOR LM2500PB101 GGA-999
RECEIVED
DATE FROM TO AUTHORITY REMARKS DATE
SIGNATURE
CONTRACT 6/11/83,,
6/11/83 LITTON/INGALLS U.S. NAVY, CG 00 NOQ024-79-C-1055 SHIP DELIVERY TO NAVY AY,
NAVSEASYSCOM AT TIME OF TRANSFER, GGA 1§ [¥2/10/84
1/28/84 c6 00 NSC_SAN DIEGO 2423002 JAN 84 CERTIFIED TO BE COMPLETE A2
(UNCANN]LBALIZED)
ot Beoe
J 2/15/84
2/15/84 NSC SAN DIEGO HAVAVNDEPOT NORIS NON-RFI
6/30/84
6/30/84 NAVAVNDEPOT NORIS lnsc san D1Eco RF1 Aotize. 4 uc.
NAVSEASYSCOM 9/30/84
9/18/84 NSC SAN DIEGO 0D 975 1714002 SEPT 84 RFl Qe e,
NAVSEASYSCOM
6/10/88 CG 52 NSC SAN DIEGO 160052 JUN 88 RFI
[RVARYZI) NSC SAN DIEGO NAVAVNDEPOT NON-RFI

{Continue on Back)

Figure 1-2—MGTE Custody and Transfer Record.

NAVSEA 9400/3(10-74){FRONY)

MGTE OPERATING LOG

EQUIPMENT MODEL/TYPE SERIAL NO,
Gas Generator MONTHISKOES JUN 91 - JAN 92 LM2500PB101 GGA~-999
OATE OPERATING TIME NO, DATE OPERATING TIME NO.
(PERIOO} L ouRS TENTHS | STARTS AEMARKS (PERICOI] youRs TENTHS |STARTS REMARKS
6/30/911 100 5 21
7/31/91] 120 & 26 REMARKS COLUMN IS LEFT BLANK
8/31/91] 111 7 23 WHEN OPERATIONS ARE NORMAL.
9/30/91 B 1 0 1 ] |
5 0!
10£03/8) Overtemperature of 1450°F ~<}—{ HOURS, TENTHS, AND NO. STARTS CoLuMNs
for 25 sec during hung ARE LEFT BLANK ON LINES ON WHICH
SIGNIFICANT EVENT INFORMATION HAS
start L/ 18EEN ENTERED [N THE REMARKS COLUMN.
10/31/91 76 0 7 /
11/30/91 135 1 10
12731791 45 8 5 P4
1/20/92 Compressor Stall 8025 RPH TOTAL KUMBER OF STARTS OCCURRING DURING
A REPORTING INTERVAL IS LOGGED IN THE |
1/28/92] 140 5 15 NO. STARTS COLUMN. 5
Lalst entry lprior to closgn?ut I I l
EQUIPMENT OPERATION SUMMARY SIGNATURE
OPERATING TIME | NO, STARTS
f SINCE NEW
= {Brought Forward) 275.0 43 o/i 19
AFTER ACCEPTANCE OF SHIP BY NAVY, SINCE DEPOT 9 U LS
FREQUENCY OF ENTRIES IS OPTIONAL BY 2. REPAIAJREWORK NA NA
COMMAND, PER $9086-HC-STN-000/ {8rought Forward)
CH234. o TOTAL TIME 735.1 107
Sl::: ::::' ACTIVITY
S 1010.1 150
StNCE DEPOT
5, REPAIR/REWORK NA NA ¢ 00
2+3
MAXIMUM SlN:rEoNTEW
AT NEXT D
 AVAILABILITY NA NA
{Brought Forwsrd)

(Continue an Back)

Figure 1-3.—MGTE Operating Log.
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NAVSEA $400/4{10-14} {FRONT) CHECK ONE: {)Special Y Condsianed

MGTE INSPECTION RECORD

COVIPMENT NAML COUIFMENT MOULLIYEL 1t RIAL NO,
GAS GENERATOR LM2500PB101 GGA-999
TYrE OR DESCNIPTION OAT( DATE .
SF piareeTioN AUTHOMZATION COMMENCED COMPLLELG ACTIVITY SIGNATUNE
COMP STALL $9234-AD-MMO-050/LM2500, &
> 7500 RPM vOL. 2, PT. 3, PARA 8,4-24| 1/20/92 1/20/92 Cc6_00 OA/i///: (3
V4

{Continue on Bach)

Figure 1-4.—MGTE Inspection Record.

Custody and Transfer Record is completed before the
transfer. (See [fig. 1-2]) This record shows who has
custody of the MGTESR and the engine or
equipment’s condition (complete/uncannibalized) at
the time of transfer. The commanding officer or the
person appointed signs this record.

MGTE Operating Log.— The MGTE Operating
Log shows the total operating time of the engine,
starting from the time the engine was new. It also
shows the time interval since the last depot repair or
rework was performed.

A sample of an MGTE Operating Log is shown in
Notice that the operating time and the

number of starts must be entered on a daily, weekly,
or monthly basis. You should also note that an engine
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start is defined as the engine’s successfully going
through the start cycle to idle. Motoring and hung
starts should not be entered in the NO. STARTS

column of the log.

MGTE Inspection Record.- Accurate inspection
records are a primary requirement, and they prevent
the unnecessary reinspection by a new custodian
upon transfer of an equipment item. The MGTE
Inspection Record, shown in provides for
the logging and authenticating of the performance of
all special and conditional inspections performed on
the equipment. You should note that the performance
of routine or periodic inspection requirements of the
Planned Maintenance System (PMS) are not recorded
on this record.



418 261 19 RONTY

MGTE RECORD OF REWORK

1P manont Ao aodt

EMAPMCMT NAME TOUIPMLNT MO LI YL stmaL 0,
GAS GENERATOR LH2500PB101 GGA-999
,,,3:,::’", :0‘:"‘\""!1 DESCHIP IO DF wONK AUTHONIZATION ACHIVHIY SIGNATLINL
2/18/92 6/28/92 REPALR $9234-AR-MHO-020/LM2500 ,NAVAYNODEPOT KNORIS V(hd’u 49‘,(._

[

DEPOT REPAIR MANUAL WiTH
APPROPRIATE SECTION CITED.

IContemrs on Dot}

Figure 1-5.—MGTE Record of Rework.

NAVSUA Se0n/mi10-7ab I REINT)

1YPE DIECTIve

MGTE TECHNICAL DIRECTIVES

Gas Turhine Chanpes

COUIPMENT Al TOIFMENT MODLLATYPL SUntaL i,
Gas Gencrator 1.H2500 PR1OY GCA-999
COMPLIANGE . NEVISHONS
NO, Jstan 1. SIGNATURE
ssf ca DCSCrIPTION ey P At 4 15500
See Supplement
29 R JHPT Wook Bolt Diameter Increasc Record
THE DATE RECORDED FOR TD
Jo NIS |~} RECORDS CONSOLIDATED DURING
- gE:gT §E¥°2KDS¥ALL BE THE
Al A H ATE SHOWN FOR
n INC R [Improved Aft Thermocouple lead NADEP (/78792 1™} THE REWORK COMPLETION
DATE.
32 NA Other Fquipment, PT NADEP 6/28/92 1™
-r
‘P ? 3 4 1 y
14 U JVEV Schedule Closure See SUR Cavdl AA
39 Improved LPT Sty | Toterstage Heal
PT 1 | INC R_{Bolting NADEP of2f 92 |l
39 :
PT 2 {NA Other Equipment, PT NADEP p/28/ 92 Qe
40 c MAVSEA 56X3 lte Ser 302, 22 Jul 82 NADEP 6/207/ 92 =
4 VSV Feedback Spring Damper, Hala
tal Fucl Coatrol Scc SCR_Card AA
< » y ‘;
52 NIS
Toe Apieni e ot fon
n ORDS NSOLIDA URING
133 NINC | U JA&D Sump Nozzie REWORK IS CONTAINED IN THE RECORD A
OF REWORK ENTRY.
Above cxamples arc for types of informatlon recorded under the separate
entry procedure for TDs, D e o

Hamtenut on b1

Figure 1-6.—MGTE Technical Directives.
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WAV A S R-20 PeCmN

MGTE MISCELLANEOUS/HISTORY

LOUPLEMT NAME LOUPENT WODEL/TYPE SEMAL NO,

Gas Generator LM2500PB101 GGA-999
DAtE AEUARKS

10/5/91 TS.4 1450°F for 25 seconds during hung start. No overtemperature Inspection
required per $9234-AD-MMO-010/LM2500, Figure 3.1-6. Main Fuel Control specific
gravity set incorrectly. Specific gravity adjustment made per
$9234 -AD-MMO-050/LM 2500, para 8.2-10., fodhrn Are

1/20/92 Inspection following compressor stall revealed tip curl on all compressor

blades in stages 4 and 6.

Gt Qoo

Kortmm on Sacnd

Figure 1-7.—MGTE Miscellaneous/History.

MGTE Record of Rework.— The MGTE Record of
Rework, shown in is a complete record of
all repair, reconditioning, conversion, change,
modernization, or rework performed on the
equipment at a repair or rework facility.

MGTE Technical Directives.- The MGTE
Technical Directives sheet is a record of technical
directives (TDs) affecting the equipment and
accessories. (Sed fig. 1-6.) A separate form is used for
each type of TD, and all applicable directives are
recorded. Gas turbine TDs are issued as gas turbine
bulletins (GTBs) or gas turbine changes (GTCs). All
gas turbine TDs, including their revisions and

amendments, should be recorded by number in this
section of the MGTESR.
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MGTE Miscellaneous/History.— The
Miscellaneous/ History sheet, shown inm is
used in the MGTESR to record pertinent information
for which no other place has been provided. This
information includes significant details that might be
of service to personnel or activities involved in later
diagnoses of problems with the equipment. The
significant details include special test data, abnormal
characteristics of the equipment, significant damage
or repairs, and engine lay-up procedures.

MGTE Selected Component Record.— The
MGTE Selected Component Record, shown in



NAVSUEA 3400781074} IF RONT

MGTE SELECTED COMPONENT RECORD

COQUIPMINT RAME fUUIPMENT MODCL/TYPL SERIAL NO,
Cas Cenerator LM 2500pPB101 GCA-999
INSTALLATION DATA AEMOVAL DATA
NOMENCLATURE el heh L TOTAL b OY Sl . TOTAL ST 7 il
DATE eouir SINCE since DALE eautr SINCE T

COUNT ) AEWORK COUNTY NOW AEWORK

Gearbox, Inlet 07482 EPE0C485 L2iC82G05 |6/28/92] 1010H | 1010H NA

Gearbox, Transfer [07482 EPE004I0 L21443c14 |6/28/93 1010H | 10104 NA

Control,. Fuel 66503 WYC37000 L16716P24 16/28/93 10104 OH NA 10/5/93 10351 25H NA

Pump, Fuel 11599 CGH51305 P03oM4aSPUG]|6/28/94 10104 | 1010H | NA

Pump, Lube & Scav |S1663 LJAH0637 £21289PC1 [6/28/97 1010H4 | 1010H | NA

Starter, Pneumatid99193 0oP780 1.214063P04]6/18/92] 1508 423s | 318

Actuator, PLA 12511 SHM00585 L22264P04 [6/28/974 1010H | 1010H | NA

Control, Fuel 56503 WYG15276 | L.16716p18]'0/5/928 1p03su_| 37730 | 0,04

Sensor, CIT 56503 WwPB23235 |121229p9216/28/92] 10108 | 1010H HA

[ROUND OFF ALL OPERATING HOUR DATA TO NEAREST WHOLE

NUMBER.]

NOTL
%+ STARTS H+ OPEAATING HOURS,
CXAMPLE S30STAATS » $03, 1,000 OPERATING HOURS * 1,000,

“COUNT™ AS INTERPRETED FOA USE OF THIS FORM SHOULD B CODL D AS FOLLOWS

(Contrnus on Bach}

Figure 1-8.—MGTE Selected Component Record.

maintains a current inventory and
installation and removal record for all equipment
accessories and components that require selected
component record (SCR) cards. When a selected
component is replaced, the removal data for the
removed component and installation data for the new
component is entered in this record.

MGTE Selected Component Record Card.-
For any equipment item, the continuity of historical
data is essential. The MGTE Selected Component

1-10

Record (SCR) Card, shown if figure 1-9, Iprovides for
the recording of installation and removal data, TD
status, and repair/rework history on selected
accessories and components. When a component is
removed from the equipment, the corresponding SCR
card is removed from the MGTESR. This procedure
ensures the continuity of important historical data.

Supplemental Records.— The two supplemental
records required in the MGTESR are shown in



NOTE: Count as interpreted for use an this card should be coded as foliows

S =STARTS H= OPERATING HOQURS
INSTALLATION DATA REMOVAL DATA
TOTAL COUNT TOTAL COUNT
- INSTALLED | SERIAL TE‘;L"‘I‘: ON ITEM TE?)L’I‘: SNATEM REASON FOR REMOVAL
ON NO & ICN
COUNT | SINCENEW | oJNSE. || COUNT | SINCENEW | odifiSkx c
New GGA- Fuel Contamination
Production| LM2500 [999 |1010H | 0.0H NA [l10358 | 2sH NA 20601-EMO1-1274
ROUND OFF ALL OPERATING HOUR THE REMOWAL DATH SECIION 12 CO?SEEEigD"TEN
DATA TO NEAREST WHOLE NUMBER THE FUEL CONTROL 1 YED-
. THEN REMOVED FROM THE VISIBLE CARD HOLDER IN
GGA-999 LOGBOOK AND SHIPPED WITH THE F/C TO
H-:HE REPAIR ACTIVITY.

TECHNICAL DIRECTIVES

TYPE DIRECTIVE COMPLIANCE
STATUS CAT. DESCRIPTION o SIGNATURE
AND NUMBER aY ACTIVITY DATE
GTC 7, 54 INC Woodward Gov | 3/15/92| Gpflrss £Sae
141 NA GTC 54 Incorporated NAVAVNDEPOT NORIS| 6/28/92 “%'4‘4 4!7_&
GTB 9 NA GTC 54 Incorporated NAVAVNDEPOT NORIs| 6/28/92
: <,
GTB 10 INC VSC Lever, Inspection of | NAVAVNDEPOT NORIS| 9/30/92 W AL
4
ALL TDS THAT PERTAIN TO AN ACCESSORY OR
COMPONENT FOR WHICH AN SCR CARD IS MAINTAINED
SHALL BE DOCUMENTED IN THIS SECTION OF THE
APPLICABLE CARD, THE STATUS INDICATED FOR THE
GTCS AND THE PART NUMBER ENTRY OF THE CARD
SHALL BE COMPATIBLE.
b msiaa

SELECTED COMPONENT RECORD SCR CARD

NAVSEA 9400 9 REV 830 PERMANENT RECORD
Stock Number Manufacturer MFG Code | Retirement Time Replacement Replacement
If Applicable Intervai Oue
Woodward Governor |66503
Nomenclature Serial Number Part Numier
Control, Fuel WYG 37000 L16716P24
0 20 30 40 50 60 70

TYPIST PLEASE NOTE. START ALL TYPING AT SAME POINT ON SCALE, THEN REMOVE THIS $TUB. BE SURE YOU HAVE A WELL INKED
RIBBON. CARE USED IN TYPING WILL IMPROVE REFERENCE DURING THE ENTIRE LIFE OF THE INDEX. TRY A FEWW IN THE POCKETS TO SEE
HOW THEY LOOK BEFORE TYPING THE ENTIRE LiST

Figure 1-9.—MGTE Selected Component Record Card.
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MGTE TURBINE ROTOR DISC ASSEMBLY SERVICE RECORD

NAVSE A 9400/10110 74) {F RONT)

(Povmenent Recovd}

SERIAL NO. PAAT NO. STAGE NO.
e | MPOM 9420 9687M39P07 ]
INSTALLATION DATA REMOVAL DATA

€OUIPMENT ASSEMBL Y BY TOTAL | ROTOR/DISC HAS rorat | ROTOR/DISC HAS REASON FOR REMOVAL
oare ’ (LU arrrran wever OATE | QUi I T since ACTvITY B JCN

MOOEL| SERIAL NO. HOURS | “new  |REwWORK HOURS | “lew | newonx

o

1/25/88) 5¢00| gga-999 | GE Evendale 00| 0.0} na
ROUND OFF ALL OPERATING HOUR DATA TO
NEAREST WHOLE NUMBER.
ROTOR BLANK ABNORMAL TEMPERATURE AND/OR OVERSPEED DATA
DIAMETRICAL
I0TAL FOTAL
OR RADIAL TEMPERATURE
DATE EQUP. TIME OVER LiviT NATURE AND POSSIBLE CAUSE
MEASUREMENT 1OURS HOURS SPEED
10/5/90 | 723 723 1450°F 25 Sec. Defective starter
MODIF ICATION
BULLETIN NUMBER I COMRLIANCE SIGNATURE
| BY {Actmiry) [ oare
Lg L

A TD 1S NINC, C, OR NIS.

ENTRY OF TD DATA IN THIS SECTION OCCURS ONLY WHEN
COMPLIANCE WITH A TD HAS BEEN ACCOMPLISHED,
DATA 1S ENTERED IN THIS SECTION WHEN THE STATUS OF

NO

MGTE COMPRESSOR ROTOR ASSEMBLY SERVICE RECORD
NAVSLA )Agntugu! {FRONT) (Pesmanent Recoid!
SECTION | - IDENTIFICATION
il [ Hetkazse [ Sra(T? Pastageoly P _epm
SECTION Il - SHAF T, DISC AND BLADE DATA
ASSLMBLY DAVE 1/25/88 ASSTMBLY DATC 6/25/92 ASSEMBLY DATE ASStUMALY DATE
LTAGE TIME TimL TimL TIME
SCRIAL NO. SEHIAL MO, SCRIAL NO, SERIAL NO.
[e12 1 sLAaDt OsSC 8LADE D15C SLADE osC BLADE
L MI'OK2258 0.0 0.0 MPOK2258 1010 1010
2 MPOW0O17 0.0 0.0 MPOW0O0L7 1010 1010
2 0.0 1010
. 0.0 0.0
hd 0.0 1010
6 MPOMB306 0,0 |0.0 MPOMB306 1010 0.0
’ 0.0 1010
ROUND OFF ALL OPERATING HOUR DATA 7C | —————
L 0.0 1010 NEAREST WHOLE NUMBER. 4
hd 0.0 1010
0 MPOK9612 0.0 0.0 MPOK9612 1010 1010
" 0.0 1018
2 MPOM3512 0.0 0.0 MPOM3512 1010 1010
bl 0.0 1010
18 0.0 1010
” MPOM5820 0.0 (0.0 MPOM5820 1010 1010
i 0.0 1010
7
rTeoll R R s e S s e B e e e
sSTum
LHAFT {F rom})
sTus
{Resr) MPQJ3268] 0.0 IMPO, 8| 1010 1010
CONTER
SECTION 11l - INSTALLATION DATA SECTION IV - REMOVAL DATA
GATE foUIrMEnT assemaLy ay ['°'“ :g:‘c;:ffcfs:s e :g:nArL :u_:ﬂ;:f‘sosg:i AEASON EOR RLMOVAL,
woote [stmacwo, | Moo FNENT Smer | smee woums | mee T anct]  aerwiTva e
1/25/88 |1.M2500{GCA-999 | GE Evendale 0.0 10.0 NA 2/18/84 j 1010 J1010 NA SAVAVNDEPOT WORIS, Cump. otail
6/28/92 |1.M2500|GCA-999 NAVAVNDEPOT NORIS 10l10(1010 0.0

Figure 1-10.—Supplemental Record.
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DIESEL ENGINE OPERATING RECORD - ALL SHIPS
MAVSEA K172 (8-79 (FORMELY NAVSEC M410/2) S/N 0116-LF 0823110 ALYAIN 2 YEARY - THELM DI3FOSC ACCORDING TO CURRENT DSSPOSAL INSTRUCTIONS
w88 TIME FONE DEVCAIP FION CLOCRY $KT = @ACR OR ANEAD I.'.)—l_:l'lhﬂ oAYa
‘-“QIG/\TE (‘."F.(, - 000) 'l_ -4 a s, waIIEY AT [}_(]Anu [j-cr(ul l 12 /(9/92
check one Dnoﬂmm ) auxniany ENGINE 40, ]""'"""”""""‘"" DISREGARD WHEN NOT REQUIRED
= CENERATOR TEMPERATURES PREIIURES CLUTCH AND AEOUCTION CEAR
Toag y ISR | reeenatune wATER FROM WATER ORE BRI [seav| sea frmesd] S T Lscar. foace .‘2:': wec|| Lo, Lo, L0, Lo, L.0. O/ L0, 18
am a1, [roecJoven. RS [ o et i el K CLUTCH ::n:'v’cn noemn |0 Boan | dbren | M
G G st 1A g oA i e IR & | e feenl IR TS L R L PN R B s I qosap Ly 1 | on n “n on on —
o0 11300]1100| 4-604 59 |1 200122 | (2|72 34(120) 30[130)1%01 2. |5ad P |36 42] 22121 45745 15| 411218 Moy — | — - - = -
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Figure 1-11.—Diesel Engine Operating Record—All Ships.

These records are the MGTE Turbine
Rotor Disc Assembly Service Record and the MGTE
Compressor Rotor Assembly Service Record. When a
turbine rotor disc assembly is to be reworked, the
rework activity must ensure that data associated
with each disc is properly recorded. The same
requirement is true if the compressor rotor assembly
is reworked. Although one record is required for each
turbine rotor disc or stage, only one record is required
for the complete compressor rotor assembly.

DIESEL ENGINE RECORDS.- As a GSM2 on
board an FFG-7 class ship, you can expect to review
diesel engine records. The repair and history records
are primarily for the operating personnel of the ship.
They will prove valuable in making estimates of parts
needed and work lists for the next availability. A
system must be setup by which completely accurate
and up-to-date records can be kept on all diesel
engines.
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The Diesel Engine Operating Record, shown in
is a daily record maintained for each
operating diesel engine. For ships with more than one
diesel in the same machinery room, a separate record
sheet is maintained for each operating diesel engine.
The watch supervisor enters the remarks and signs
the record for his or her watch. The engineer officer
immediately receives a report of any unusual
conditions noted in the record. The engineer officer
then receives the record for his or her approval.

REDUCTION GEAR RECORDS.- Maintaining a
log for the main reduction gear is extremely
important. This log should be kept in the engine room
and the readings must be taken and recorded at
established intervals. A reduction gear log serves as a
guide in detecting unusual and inefficient operating
conditions. Temperatures, pressures, and the
presence of oil in the sight flow indicators are
important readings that should be included on this
log.



OPERATING DATA LOG SHEET
uss ?wz"rayy (DD-1000) HPAGINO 7 pATE ME/F
SHUT-ON] MIN | NORMAL| MAX 100 101 JO2][03]04)|05]|06(|07]08Jo9j 10} 1t {12113114]15]16]17]18]Ig3]{20{21 [22}23
FRAME OIL PRESSURE (PSIG) 14 2 14 | 23*-s0*® 50 s fya |34 ]3¢4]3¢ | g0
PRESSURE s $TAGE 60 b 32 | 40-4s* 59 J¥rlgv lyrjevive (40
(PSIG) 2nd STAGE 239 b 209 |250-270" 324 F3m | o ]vdfae]aze]rre
3ed STAGE 1225 b 940 |1038-1075] 1200 Jreee | mys)sosefrone]ceis | wie
4th STAGE - 1 3R 7 4200 J4200-4675] 5100 Jese] eres | yot0| ool wira [utaie,
TEMP 1ot STAGE-suet 49 84 122 [l valgs| ol ]l
(*F) tst STAGE-glsch 430 a 336 415 _Joue]|ade| st avr, 4
2nd STAGE-suc) 122 20| et ne lne| 0] 124
2nd STAGE-disch 430 o 374 415 Jsatlorilapefats|anface
3rd STAGE~uuct 119 11o] rre]ime 11301ne |y
3rd $TAGE-disch 430 a 356 415 _J37¢{ 310 §33¢ )| 970} 970 {370
41h STAGE-suct 119 ] sl ]
4th STAGE-dlach 430 ° 376 415 1949) dou| vo] wee] ved | oo
FINAL DISCH TEMP 115 125 Jragfive | e e ]av ety
CLG WTR OUTLET TEMP 125 a 35 | es-ns” 120 Y,00 | s00feas |1t ) 100 {000
CRANKCASE OIL TEMP 135, 170°] feo) 1o Jrio | rtof se [ 157
CRANKCASE OfL LVL oW |HIDDLE | HIGE Im | M lnimlm|m
CYL LUBE OIL LVL 1/2 ok | FI FT rl el el e
CLG WTR PMP DISCH PRGSS 25 175 |, 10] i50] is0]i%0] r¥eis5e
CLG WTR INLET TEMP 95 | ¥o] O] gefvo{gofee
LUB FLOW RATE st STAQGE 109 1 1550 nl ol ulol ule
(DROPS/MIN) 20d STAGE 10d 1t 1€ | oo o] vl ot
31d STAGE 109 13 1580 ] ed e enfen] 3
41 STAGE 109 13 15t ] nlivlnsfn]g
CUNO AIR FILTER DRANBOTHEVERYHR ¢ | - | /I VI /[ /.
MOISTURE SEP FLASK DRAN BOTH EVERY HR. I A Ay
DHYR PREFILTER ORAN EVERY TOWER CHGE~OVER | /| /T || /-
DHYR BY-PASS CARTRIDGE FEPLACECARTRDGE ¢ | - - T . Tl |-
CONDENSATE ORAINAGE MUST BE OBSERVSMNCYCLE |/ [ /[ /] |7 ]|/
* CIRCLE LOG VALUES WHICH ARE OUTSIDE THE NORMAL RANGE LIMITS d - INADEQUATE LUBRICATION BELOW THIS RATE.
(NDICATED 1N RED. e - CAUSES EXCESS CARBON & OIL.CARRYOVER ASOVE THIS RATE.
51 < WTLL ST DOV ROTOMATTCALLY. f - WHEN USED, REPLACE CARTRIDGE AFTER 4 HRS-THO COMPRESSOR USE OR 8 HRS
b RELIEF VALVE LIFTS. SINGLE COMPRESSOR USE. FOR #3 HPAS COMP REPLACE EVERY 8 HRS OF THE
COMPRESSOR USE.
© - WILL CAUSE WET AIR TO BE SUPPLIED TO BANKS, RESET BACK 9 - REPLACE ELEMENT EVERY 2C0 HRS COMPRESSOR USE OR MONTHLY, WHICHEVER
PRESSURE CONTROL VALVE ON DEHYDRATOPF. FIRST.
+ rOR WORTHINGYON CLAS AA, 13.8 CTH h - DISCHARGE PRESSURES BETWEEN 457s,|bnn2v AND RELJEF
e eiie akusen 10015 00000 VALVE SETTING MAY BE DUE TO DESICCANT PLUGGING OF FILTERS.

Figure 1-12.—Compressor Operating Data Log Sheet.

AIR COMPRESSOR RECORDS.- A typical air
compressor Operating Data Log Sheet is shown in
figure 1-12] This log is kept by the operator who takes
and records readings at established intervals. For
extended operation, a data log sheet should be filled
out during every watch. A log is helpful not only from
the operational and maintenance standpoints but also
as a troubleshooting guide for detecting unusual and
inefficient operating conditions.

Depending on the ship’s air system demand, the
actual operating time on each compressor of a
multicompressor installation might differ. For each
compressor to provide the best service, the operating
time should be equalized over each quarterly period.
Reviewing the entries on these logs and noting the
hours recorded will allow the operators to change the
operating sequence of the units accordingly.

DISTILLING PLANT OPERATING RE-CORD.-
The Distilling Plant Operating Record is a daily
record of the operating ship’s evaporators and their
auxiliaries. Entries are made for each hour while the
distilling plant is operating. Different gas turbine
ships have many different types of distilling plants,
but all daily distilling plant operating records will
require practically the same type of data entries. The
following list includes the required information:
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1. Temperature, pressure, vacuum, flow, chemical
analysis, and density data from various points in the
distilling plant

2. Scaling record for each evaporator unit, including
the date of the last scaling, the hours operated, and
the quantity of distilled water produced since the last
scaling to the day of the record and since the last
scaling to the end of the day record

3. Starting, stopping, and total operating time of
each evaporator and various auxiliary machinery
parts, such as air ejector and pumps

4. Remarks about the operation and maintenance of
the distilling plant for each watch of the day

5. You must make accurate entries in the Distilling
Plant Operating Record. Accurate entries will help
predict trouble. If abnormal operating conditions
should suddenly develop, the entries in the record
should aid in locating the sources of trouble.

REFRIGERATION/AIR-CONDITIONING
RECORDS.- Your department will use the daily
operating log for refrigeration equipment or air-
conditioning plants to maintain a record of operating
conditions. The log, shown in figure 1-13, is a guide
for the continued analysis of operating conditions and
operating results found in the equipment. Notice that
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Figure 1-13.—Refrigeration/Air-Conditioning Equipment Operating Record.
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data entries are made on both sides of the form. (See
views A and B.)

The information in this log provides a method for
engineering personnel to determine when and what
corrective measures are necessary when a plant is not
operating properly. Data taken at various points in the
system are compared with corresponding data taken
during normal plant operation. The corresponding data
must be taken under the same heat load and circulating
water temperature conditions.

Daily Reports and Records

Maintenance of daily fuel, lubricating oil, and water
accounts is essential to the efficient operation of the
engineering department. The TYCOMs prescribe the
forms and procedures necessary to account for fresh
water and fuel. These reports and records inform the
engineer officer of the status of the ship’s liquid load and
form the basis of several important reports, which are
sent to higher authority. The most important of these
reports is the report of the amount of burnable fuel on
hand.

FUEL AND WATER REPORT.- The Fuel and
Water Report is a daily report of the fuel and water status
prepared to reflect these conditions at 0000 hours. The
commanding officer receives this report daily. The
report contains data, such as total fuel and total lube oil
on board and the amount of potable water and reserve
feedwater on board. The Fuel and Water Report also
includes the previous day’s feedwater and potable water
consumption figures and the results of the water tests.
The officer of the deck (OOD) receives the original copy
in time for submission to the commanding officer or
command duty officer with the 1200 reports. The OOD
retains the copy.

DAILY WATER ACCOUNT.- Some gas turbine
ships maintain a Daily Water Account. The Daily Water
Account is a daily record of the feedwater for the boilers
and the potable fresh water in the potable water tanks.
The data are recorded on the form by the oil king and
checked for accuracy by his or her leading petty officer.
The division officer also checks the form. When
completed and checked, the record is submitted to the
engineer officer for his or her approval and signature.

DUTIES, RESPONSIBILITIES, AND
REQUIREMENTS

From reading this chapter, you should recognize
that there are many logs and records engineering
department personnel are required to maintain. The
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responsibilities only begin with the accurate recording
of data for the machinery and equipment. The entries
must be made not only in the proper logs or records but
also in the appropriate sections of these logs or records.
One of the most important responsibilities will be
verifying the accuracy of these entries. The importance
of this responsibility should not be underestimated.
Engineering personnel will base their determinations in
regard to the condition of the equipment on the
information contained in these logs and records.

Verification Procedures

As you advance in the GSM rating, you will be
required to verify many of the engineering logs and
records. In fact, you may be required to review many
logs and records on a daily basis. In reviewing logs and
records, there are certain details you should look for and
take note of. Although each situation or type of log or
record may have its own set of required procedures, the
following list contains a few of the most important basic
details for which you should check:

® All readings and entries must be legible.

¢ All entries must be placed in the proper location

in each log.

Out-of-limits entries must be circled in RED and
explained in the REMARKS section of the logs.

All required initials and signatures must be
present.

® All logs and records must be free of erasures.

® All required logs and records must be present.

As stated earlier, the verification process is one of
the most important responsibilities you will face as you
advance in the GSM rating. Another important part of
your increasing administrative duties will involve
learning the correct disposal procedures for the records
your department will no longer need to keep.

Disposal Procedures

Before destroying any engineering department
records, study the Disposal of Navy and Marine Corps
Records, USN and USNS Vessels, SECNAVINST
P5212.5 (revised). This publication provides the official
procedures for disposing of records. For each
department aboard your ship, these instructions list the
permanent records that must be kept. The instructions
also list the temporary records that may be disposed of
according to schedule.



At regular intervals, such as each quarter, records
that are more than 3 years old are usually destroyed.
When a ship that is less than 3 years old is
decommissioned, the current books are retained on
board. If a ship is scrapped, the current books are sent
to the nearest naval records management center. All
reports sent to, and received from, NAVSEA or another
superior command may be destroyed when they are 2
years old, if they are no longer required.

To control the volume of paper work, reports should
be kept on board only if they are

1. required,
2. serve a specific purpose, or

3. provide repair personnel with information not
found in other available publications or
manuals.

As you assume more extensive administrative
responsibilities, you will be required to become
increasingly aware of the retention, disposal, and
maintenance procedures required for your department.

FILES AND TICKLER SYSTEMS

As a second class GSM, you will be required to learn
how to maintain correspondence files, messages, and
tickler systems. You will need to determine the
requirements of your division. You should know how to
set up the files, what to file, and how to use the files to
gather necessary information. You will also need to
make sure that information your division develops is
sent to higher authority in the proper form of reports or
packages.

The accuracy of a filing system and the ease in
retrieving information is extremely important if the
system is to be effective. Administration of the
engineering department requires easy access to previous
information either received or sent out. Efficiently
managed files contribute directly to the overall
effectiveness of the engineering department.

Each month the engineering department should
close out the files, logs, and records of the previous
month. This means a new set is needed for each new
month. When starting up a new month’s logs, records,
and files, always take a look at last month’s logs,
records, and files. Determine which logs, records, or
files were bulky and which contained only a few pieces
of paper. Use this information to set up your new folders.
Some files may have to be broken down to make them
quicker to find. Some files may be combined to save
space.
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One final decision to make when setting up files is
how to keep your logs, records, and files centralized.
This step will help you prevent a backlog of requests for
information or delays when you must produce a
particular log or record.

Efficiency can be maintained by a thorough training
program for all engineering personnel involved in log
keeping. If all personnel are familiar with the filing
system, they will place the logs and records in the proper
location.

As a GSM2, you will likely be assigned to maintain
a variety of tiles. Most routine tiles will involve those
for correspondence, messages, or tickler systems. Each
of these categories is briefly described in the following
sections.

Correspondence

Correspondence includes all written
material—publications, messages, memoranda, and so
on—sent to and from a command. You must read and
understand these types of correspondence. The system
used to file your division’s correspondence should be

one that all personnel can use.

Messages

Messages are the quickest form of written
communication in the Navy. This is because our
telecommunications system is capable of getting
time-sensitive or critical information to addressees
rapidly for effective use of information. There are
several methods used to file messages. Your division
may file messages according to date-time group (DTG),
precedence category, or subject matter. You should learn
your division’s message filing system to help you locate
critical information.

Tickler Systems

A tickler system consists of record cards, usually
organized in a standard desk-top box, in chronological
or alphabetical order. This system makes handling
recurring reports simpler. The reports tickler file
requires daily attention if it is to be an effective tool. You
must keep it and the information it contains up to date,
and you must inform responsible personnel of current
requirements for reports.
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Figure 1-14.—PMS Feedback Report.

PMS FEEDBACK FORMS

The PMS Feedback Report (FBR) is a form ships
use to notify the Naval Sea Support Center
(NAVSEACEN) or the TYCOM of matters related to
PMS. The FBR is a five-part form composed of an
original and four copies. A completed FBR is shown
in figure 1-14.] The front side, shown in view A, is
used for data describing a specific PMS problem. The
reverse side of the last copy, shown in view B,
provides instructions for preparing and submitting
the form. As you advance in the GSM rating, you will
prepare, submit, and review several FBRs. The
following information will help you understand your
responsibilities concerning the FBR.
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Preparation Procedures

When a PMS-related problem occurs, you should
try to correct the problem, especially if it presents a
safety hazard. The PMS FBR is your vehicle for the
solution to the problem. To prevent delays in
correcting the problem, however, you should make
certain to complete and submit the form correctly
according to the instructions on the back.

Once you identify a PMS problem, you should
immediately start entering the documentation on the
FBR. You can either use a typewriter or neatly
handprint your entries. Remember to insert your
ship’s name and hull number. Leave the date and
serial number blank. The 3-M coordinator will insert
the information in these two blocks.



Next, you must determine what category your
particular problem is assigned to. There are two
categories of FBRs—category A and category B.
These categories are defined as follows:

¢ (Category A-This category is nontechnical
in nature and meets PMS needs that do not
require technical review. The FBRs
assigned this category pertain to the need
for replacement of missing or mutilated
maintenance index pages (MIPs) or
maintenance requirement cards (MRCs).

¢ C(Category B-This category is technical in
nature. It is submitted by the ship’s 3-M
coordinator to the applicable TYCOM.
FBRs assigned this category pertain to the
notification of a shift in maintenance
responsibilities from one work center to
another. These FBRs also pertain to
TYCOM assistance in the clarification of 3-
M instructions. This category also applies
to technical discrepancies inhibiting PMS
performance. These discrepancies can exist

in documentation, equipment design,
maintenance, reliability, or safety
procedures. The discrepancies can be

operational deficiencies in PMS support
(parts, tools, and test equipment), as well.

NOTE

When the reason for submission of a PMS FBR
involves safety of personnel, or potential for
damage to equipments and relates to the
technical requirements of PMS, the FBR is
considered URGENT. Urgent FBRs must be
sent by naval message to both NAVESEACENs
with information copies to the cognizant
SYSCOM/BUMED/NAVSAFECEN/TYCOM.

Your next step is to fill in the equipment
identification section. This information consists of
system, subsystem, or component, allowance parts
list (APL), MIP number, and MRC control number.
Under the DESCRIPTION OF PROBLEM section,
check the proper block under either CATEGORY A or
CATEGORY B. In the REMARKS section, provide a
brief description of the problem or requirement.
Remember to include sufficient information to
describe the problem. Next, insert the work center
code and sign the FBR. The FBR will then be routed
through your chain of command for review and
approval.
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Figure 1-15.—Standard Equipment Guide List.

Review Procedures

Before sending your FBR through the chain of
command, you should review the form for
completeness and accuracy. One section you should
closely scrutinize is the equipment identification
section. Errors in this section will cause delays in
processing your FBR. Provide as much information as
you can. Make certain you use the correct APL
number for hull, mechanical, or electrical equipment.
Read the comments in the REMARKS section. Make
certain the comments are legible and complete. On
handwritten FBRs, be sure each copy is clear and
legible. Observation of these simple guidelines will
help you maintain your equipment in a high state of
readiness.

EQUIPMENT GUIDE LIST

The Equipment Guide List (EGL) is a 5" x 8" card

that is used with a controlling MRC. When

the MRC applies to the same type of items (motors,

controllers, valves, test equipment, and so forth), use

an EGL card. Each ship prepares its own KEGLs.

Standard EGL forms are available from the Navy
supply system.

When determining the number of items to include
on an EGL, you should consider the skill level of the
assigned maintenance person and the time that will
be required to complete the maintenance on each
item. Remember, each page of an EGL should contain
no more than a single day’s work. If more than one
day is required, prepare a separate EGL page for
each day, and number the pages consecutively.



Figure 1-16.—Simplified all-purpose material
symbol.

DIAGRAMS AND EQUIPMENT
LAYOUTS

Drawings and equipment layouts are the universal
language used by engineers and technicians. They convey
all the necessary information to the individual who will
maintain, operate, and repair the equipment and
machinery.

To complete assigned tasks, a GSM must be able to
read and wunderstand various types of machine
(equipment) and piping drawings and system diagrams.
To read any machine or piping drawings or system
diagrams, you must be familiar with the common terms
and standard symbols used for these drawings and
diagrams.

COMMON TERMS AND SYMBOLS

GSMs use drawings and diagrams in the installation,
maintenance, and repair of shipboard equipment and
systems. The following sections will provide a brief
description of these common terms and symbols. For more
detailed information, refer to Blueprint Reading and
Sketching, NAVEDTRA 10077-F1.

Tolerances

Tolerances represent the total amount by which a
specific dimension may vary. Tolerances may be shown on
drawings by several different methods. The unilateral
method is used when variations from the design size is
permissible in one direction only. In the bilateral method,
a dimension figure will show the plus or minus variation
that is acceptable. In the limit dimensioning method, the
maximum and minimum measurements are shown.

Fillets and Rounds

Fillets are concave metal corner (inside) surfaces. In
casting, a fillet normally increases the strength of a metal
corner. A rounded corner cools more evenly than a sharp
corner, thereby reducing the chance of a break. Rounds or
radii are edges or outside corners that are rounded to
prevent chipping and to avoid sharp edges.

S

Figure 1-17.—Isometric drawing of a clevis.
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Figure 1-18.—Oblique and orthographic projections.
Slots and Slides

Slots and slides are for the mating of two specially
shaped pieces of material. Though secured together, the
pieces can still move or slide.
Casting

Casting refers to the process of making an object by
pouring molten metal into a mold (normally of sand) of the
desired shape and allowing it to cool.
Forging

Forging is a process of shaping metal while it is hot or
pliable. The hammering or forging process is done either
manually (blacksmith) or by machine.
Key

A key is a small wedge or rectangular piece of metal
inserted in a slot or groove between a shaft and a hub to
prevent slippage.
Keyseat

A keyseat is a slot or groove into which the key fits.
Keyway

A keyway is the slot or groove within a cylindrical tube
or pipe into which a key fitted into a keyseat will slide.
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Figure 1.19.—Detail drawing of a base pivot.
Tempering gives the appearance of viewing the object from one
corner. All lines are shown in their true length, but
Tempering is the method for hardening steel by not all right angles are shown as such.
heating it and then suddenly cooling it by immersion
in oil, water, or another coolant. Oblique Drawings

All-Purpose Material Symbol A sample of an oblique drawing is shown if figure |

Notice that an oblique drawing shows an object

An all-purpose material symbol is shown id figure | in three dimensions. It is a projection of an object’s

[1-16]In drawings, this symbol represents materials of
all types.

MACHINE DRAWINGS AND SYSTEM
DIAGRAMS

Once you grasp a good understanding of the terms
and symbols, drawings and diagrams will become less
complex and easier to use. This section will provide
descriptions and illustrations of the most commonly
used drawings and diagrams.

Isometric Drawings
An example of an isometric drawing is shown in

figure 1-17. An isometric drawing is a set of three or
more views of an object that appears rotated. This
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front and top surfaces, which shows the viewer the
length, width, and height.

Orthographic Drawings

MS also an example of an orthographic

drawing. It is a drawing that provides a two-
dimensional view; that is, it shows only the object’s
height and width.

Detail Drawings

Refer to the detail drawing shown in ffigure 1-19. A
detail drawing is a print illustrating a single
component or part. It shows a complete and exact
description of the shape and dimensions of the part
and how it is made (its construction).
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Figure 1-20.—Single-line diagram for fuel oil service system.

Single-Line Diagram

Figure 1-20]is an example of a single-line diagram.
A single-line diagram uses lines and graphic symbols
to simplify a complex circuit or system. Contained in
the Engineering Operating Procedures (EOP) section
of EOSS, these types of diagrams are the ones that
you will use everyday. They will aid you as you are
maintaining, repairing, or aligning shipboard
systems.

EQUIPMENT LAYOUTS

Engineering personnel use equipment layouts as
aids to locate various pieces of equipment throughout
a machinery space. Equipment layouts are extremely
helpful to newly reporting personnel who are not
familiar with the engineering spaces. The main
purpose of an equipment layout is to show the
physical relationship of the equipment to its location
in a space. Some layouts are more detailed than
others, but the primary purpose is the same. While
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some equipment layouts may show only the physical
location of machinery, others will show the piping
that connects various pieces of equipment together.

Figures 1-20 hnd|1-21|are examples of equipment
layouts. On a gas turbine-powered ship, you will
primarily find equipment layouts in the EOP and
propulsion plant manuals (PPMs). The equipment
layouts in the EOP are used mainly for training new
personnel. The use of an equipment layout for system
tracing depends upon the amount of detail included
in the equipment layout.

SUMMARY

This chapter has provided you with a variety of
information to help you become a more efficient and
effective GS.

This chapter described the Navy’s QA program
and how you, a work center supervisor, will become
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Figure 1-21.—Engine-room equipment layout.

involved in this program. This chapter also described
the engineering administration system. The
preparation procedures for various operating logs and
records were discussed along with general guidelines
for maintaining files, correspondence, and messages.

This

chapter

also

--BHD 220

described preparation

and

submission procedures for PMS FBRs and the various
uses of diagrams and layouts you will encounter as a

GSM.
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CHAPTER 2

OIL LABORATORY PROCEDURES AND
ADMINISTRATION

In your career as a GSM, you may be assigned to
your ship’s oil laboratory. If you have already been
assigned to the oil lab, you are likely aware of the
significance of your role as a middle manager. In the
oil lab, your most important job will be to maintain
the quality of your ship’s fuels, oils, and water
supplies. The efficient operation of your ship’s
engineering equipment and systems directly depends
on the quality of these products.

This chapter will discuss the safety precautions
you will need to know whenever you are handling,
testing, stowing, or disposing of hazardous fluids,
chemicals and materials. It will also discuss the proper
way to perform certain sampling and testing
procedures, record the results, and review and
maintain the logs related to the operations of the
engineering plant and the oil laboratory. After
studying the information in this chapter, you should
have a good understanding of the inner workings of
the oil laboratory and the important role it plays in the
everyday operations of your ship.

SAFETY PRECAUTIONS

No matter where you are assigned, the
responsibility for safety goes with you. As a GSM,
you are already familiar with many of the
job-related safety hazards you can face every day
and the safety precautions you must observe.

Good safety habits are especially important
when you are working in the oil laboratory. On a
day to day basis, you may be required to handle,
test, transfer, and dispose of the most hazardous
and toxic liquids and materials on board your ship.
No matter what you already know or where you are
assigned, it is vitally important for you to
understand and adopt good safety habits in your
daily work routines and responsibilities.

The following sections will discuss some of the
safety precautions you should take. These
precautions are specifically related to the materials
and equipment you will handle in your routine
responsibilities in the oil lab.
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HANDLING AND MONITORING
HAZARDOUS MATERIALS

Fire and other potential disasters can occur
whenever you must handle, test, transfer, stow, or
dispose of hazardous solutions and materials. In the
following sections, we will explain the specific safety
precautions you must take whenever you are handling
or monitoring the hazardous solutions and materials you
will have to work with in the oil lab. Because they are
the most dangerous materials on your ship, we will
discuss petroleum products first.

Petroleum products

As you have been frequently reminded, a shipboard
fire is the most dangerous mishap you and your
shipmates can experience. You should consider all
petroleum products to be potential fire hazards.

In your everyday work in the oil lab, you may be
required to handle or monitor petroleum products. Most
petroleum products fall into two basic categories: fuels
and oils. Because they are the most dangerous petroleum
products carried on your ship, we will discuss fuels first.

FUELS.- Fuels are the most dangerous products
aboard ship not only because they ignite easily but also
because your ship must stow them in such large
quantities. To minimize these hazards, the fuels on your
ship must meet applicable safety precautions for
flammables. While assigned to the oil lab, you must be
aware of these safety precautions for characteristics
such as flash points, vapors, spontaneous ignition
temperatures, wicking, and mist formation. In the
following paragraphs, we will explain the required
safety standards for each of these characteristics.

Flash Points.- The flash point of a fuel is the lowest
temperature at which the fuel will give off sufficient
vapor to form a flammable mixture with the air above
the surface of the fuel in its liquid state. In other words,
to be able to form a flammable vapor-air mixture,
evaporation of the fuel must take place at or above its

flash point. The required minimum flash point for naval
distillates (F-76) and JP-5 (F-44) is 140°F (60°C).



Fuel Vapors.- Fuel vapors form when a liquid fuel
undergoes the process of evaporation. When F-76 and
JP-5 are mixed with air in certain proportions,
flammable vapors result.

Fuel vapors are heavier than air. This is important
for you to understand because fuel vapors will tend to
collect in the lowest levels of your ship’s compartments,
such as the bilges. Fuel vapors can travel rapidly from
compartment to compartment through existing
openings. You may not be aware of these vapors until
they ignite by an unsuspected source. Some sources that
can cause fuel vapors to ignite are open flames, electric
sparks, sparks produced from striking metals, heat from
exposed hot piping, and smoking.

Spontaneous Ignition Temperatures.—- The
spontaneous ignition temperature (SIT) is also called the
autoignition or autogenous ignition temperature (AIT).
The SIT or AIT is the minimum temperature at which a
fuel or fuel blend will ignite spontaneously in air without
the aid of a spark or flame. The importance of the SIT
or AIT is that it identifies the lower limit of fire hazard
whenever you are handling fuels near hot surfaces. In
other words, to conform with prescribed military
standards and safety guidelines, you must not handle

fuels in areas in which temperatures exceed the SIT or
MT.

For both F-76 and JP-5 fuels, the SIT values can be
as low as 450°F (232.2°C). For this reason, you should
consider these two fuels to be equally hazardous.
General specifications for the building of naval ships
require that any surface that might exceed a temperature
of 400°F (204.4°C) must be suitably insulated so that
temperatures of the exposed surface will not exceed this
critical level.

The procedure by which the SIT or AIT rating of a
fuel is determined is very complex. To do your part in
preventing fire hazards, you must respect and accept the
established laboratory SIT values. In your oil lab duties,
always consider the SIT value of any fuel you must
handle and try to take every precaution to prevent the
fuel from dripping onto a hot surface.

Wicking and Mist Formation.- Normally, fuels do
not form flammable vapor-air mixtures at temperatures
below their flash points. There are two exceptions to this
rule: (1) wicking and (2) mist formation. Both of these
conditions provide the means by which fuels can ignite
even at temperatures below their flash points.

Wicking occurs when a fuel is drawn onto an
absorbent solid material that can be ignited locally.
When a flame is applied to a wick, a hot spot forms on
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the wick. The hot spot will continue to give off sufficient
vapors to sustain the flame.

Candles and kerosene lamps are good examples of
wicking. Rags soaked with fuels also make excellent
wicks. For this reason, you should always consider
fuel-soaked rags to be potential fire hazards.

Fuel mists can form when a rupture or small leak
occurs in a pressurized fuel line. Fuel mist formation can
also be caused by fuel vapor condensation that results
from sudden cooling. Mists from fuel droplets mix with
air, forming a flammable mixture. When exposed to an
ignition source, these mists can ignite. Once ignited, the
fuel mists will continue to bum because the fuel spray
droplets entering the flame zone will continue to
vaporize as long as they are exposed to the heat of the
flame.

It is vitally important for you to understand the fuel
characteristics we have just described and the prescribed
safety guidelines and precautions you must use
whenever you come in contact with these products.
Remember, these characteristics are always present
wherever fuels are handled, tested, stowed, transferred,
or used aboard ship. They will always be dangerous
sources of potential fire hazards.

OILS.- Even though oils have a much higher flash
point than fuels, they are still dangerous if they are not
properly handled. The potential for fire always exists,
Like fuels, oils operate in some systems under high
pressure. This is why strict attention must be paid to
system integrity (prevention and control of leaks). The
policy of no leaks in any system carrying flammable
liquids is a good one. If oil should be forced out of a
system in the form of a fine mist, the results could be
disastrous.

Fire hazards are not the only danger associated with
petroleum products. They can also be harmful to
personnel by irritating the skin and eyes. Aboard ship,
fuel and oil products are handled daily. To most people,
the vapors from these products are irritating. To some
people, physical contact with these products can cause
severe skin disorders. This is why you must use
protective clothing, such as rubber gloves, a face shield,
and an apron whenever you handle these products.

Although the oil used in the gas turbines is not a
petroleum-based product, you need to be aware of
certain safety precautions. This oil is an synthetic
ester-based product that can cause dermatitis after
prolonged contact with the skin. If you come into contact
with this oil, wash your skin thoroughly and remove any
saturated clothing immediately.



Chemicals

Sampling and testing can be dangerous if you do not
follow the procedures carefully, if your equipment is
faulty, or if you carelessly handle or stow the testing
chemicals. In the oil lab, you will use specific chemicals
and chemical solutions for testing fuel, oil, and water
samples. In the next sections, we will identify these
chemicals and explain their associated safety
precautions. Material safety data sheets (MSDSs) are
available for all hazardous materials used by the Navy.
You should review the MSDSs for each chemical before
use. To be able to perform your fuel, oil, and water
testing procedures correctly, you must know how to use
these chemicals safely.

FUEL AND OIL TESTING.- There are only two
chemicals you will normally use for fuel and oil testing.
These chemicals are dry-cleaning solvent, better known
as P-D-680 type II, and absolute methanol. You will use
very small quantities of these chemicals in the oil lab.
Since both chemicals are flammable, bulk quantities
should be stowed in a flammable liquid store room.

WARNING

Take extra care when you are handling absolute
methanol. It is irritating to the skin, respiratory
tract, and eyes. It is moderately toxic by skin
absorption and highly toxic to the central
nervous system and optic nerve by ingestion.
Always use absolute methanol in a
well-ventilated area to avoid the accumulation
of vapors.

WATER TREATMENT CHEMICALS.-
Trisodium phosphate (TSP) and disodium phosphate
(DSP) are the only two treatment chemicals authorized
for use in waste heat boilers. You and all other oil lab
personnel should take care when either one of these
chemicals is used. In its concentrated form, TSP will
cause burns to the skin, eyes, and body tissues. If you
get TSPor its solution on your skin or in your eyes, flush
the affected area with cold, potable water for 15 minutes
and obtain medical attention.

For both TSP and DSP, the safety dispensing bottle
must be clearly marked and used for these boiler
treatment chemicals only. The type of dispensing bottle
used for both TSP and DSP is made from linear
polyethylene, a material that has a maximum use
temperature of 176°F (80°C). As they dissolve, both
TSP and DSP will generate heat. Do not use hot water
to dissolve these chemicals in their dispensing bottles.
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The heat of the solution may exceed the maximum safe
dispensing temperature.

When mixing TSP with feedwater, you can either
add the TSP to the water or add the water to the TSP
without difficulty. When you are using large quantities
of DSP, however, you should add the DSP to the water
because DSP tends to cake when water is poured over
it.

Another water treatment chemical you may have to
handle is Nalcool 2000. This corrosion and rust inhibitor
is used in the jacket water systems of SSDGs, and it is
very hazardous.

Nalcool 2000 is hazardous because it contains
strong alkalies. Do not mix alkalies directly with acids
because the heat generated may cause the chemicals to
spatter. If alkalies come into contact with your skin,
flush the affected area with cold, potable water until the
slippery feeling disappears. If the burning or itching
sensation persists, seek medical attention. If alkalies
come into contact with your eyes, flush with cold,
potable water for 15 minutes at an eyewash station and
seek immediate medical attention.

WATER TEST CHEMICALS.-During feedwater
and boiler water testing, you will come in contact with
several chemicals that require special handling and
disposal. If they are not properly handled, these
chemicals are hazardous both to personnel and to the
environment.

Most of these chemicals come in concentrated form
(stock solutions) and contain either caustic soda, nitric
acid, or mercuric nitrate. These chemicals can cause
burns to the skin and eyes and can be fatal if they are
ingested. To protect yourself, always wear goggles or a
face shield and either plastic or rubber gloves whenever
you are handling these solutions.

Now that we have discussed some of the potential
hazards you should be aware of when you are handling
or stowing the materials and solutions you will be using
or testing in the oil lab, let’s talk about the methods you
should use to dispose of these and other hazardous
products safely.

Hazardous Wastes

The discharge of oils or oily wastes into our aquatic
environment is a serious worldwide pollution concern.
These discharges (effluents) can cause significant and
long-lasting effects on marine life and the quality of
shoreside beaches. Oily discharges can also be a
potential hazard for fires and explosions. Because of



these concerns, U.S. Navy vessels must comply with
existing federal, state, local, national, and international
laws.

LAWS.- U.S. Public Law 96-478, Act to Prevent
Pollution from Ships, replaced the Oil Pollution Control
Act and implements the International Convention for the
Prevention of Pollution from Ships and the Clean Water
Act. Without impairing DOD operational capabilities,
U.S. Navy ships must comply with the following basic
standards of these laws and with the applicable Status
of Forces Agreement (SOFA) and OPNAVINST
5090.1A:

1. If operating in navigable waters of the United
States or within 50 nm from the U.S. coastline, your ship
is prohibited from discharging oil in quantities that will
cause a sheen or discoloration on the surface of the water
or deposits of sludge or emulsion beneath the surface or
on the adjoining shorelines. This means that all oily
discharges must be less than 10 ppm of effluent within
12 nm of shore and less than 100 ppm beyond the 12 nm
limit. Basically, this means your ship is prohibited from
directly discharging any oily bilge water at sea before
processing it through an effective oil-water separator
(OWS).

2. If your ship is operating in coastal waters or
territorial seas up to 12 nm from the shoreline of a
foreign country, you must abide by the oily waste
discharge regulations of the applicable SOFA. In the
Mediterranean Sea, for example, your ship is restricted
to an effluent discharge rate of less than 15 ppm. If no
SOFA exists, your ship must operate according to the
standards of the host country’s military forces until a
satisfactory agreement with the host country can be
reached. Unless otherwise provided by a SOFA, U.S.
Navy vessels operating temporarily within a foreign
jurisdiction are subject to that country’s standards to the
extent specified by the clearance for a visit. If no
standards exist, your ship is prohibited from discharging
unprocessed oily wastes within 50 nm from land. Ships
that are not equipped with OWS units must retain all oily
wastes for proper disposal at a shore reception facility.

EQUIPMENT.- Because of the severity of the oil
pollution problem, the Navy is giving high-level
attention to the prevention of oily discharges from its
ships and crafts. Special equipment for monitoring and
controlling shipboard effluents is currently being
installed throughout the fleet. To operate this equipment
effectively and comply with the laws and regulations,
consult OPNAVINST 5090.1A, Environmental and
Natural Resources Protection Manual, and Naval Ships’
Techical Manual (NSTM), chapter 593, “Pollution
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Control.” As a GSM, you should be aware of the
following oil pollution abatement equipment/systems
that are scheduled for installation on U.S. Navy vessels:

1. Oil-water separators, oil content monitors, oily
waste holding tanks, and waste/used oil tanks that will
allow the ship to separate and collect shipboard waste
oil and to process oily wastes before discharging them

2. Bilge pumps (oily waste transfer pumps), piping
risers, and weather-deck connections that will allow safe
and convenient ship-to-shore transfer of oily wastes

3. Two and one-half inch cam-lock discharge
connections (MS27023-14) for oily waste discharge that
will allow for rapid connect/disconnect functions with
shoreside offloading hoses

4. Oily waste discharge adapters to accommodate
hoses with international-standard flanges when Navy
vessels visit foreign and non-Navy ports

5. Mechanical seals on shipboard pumps to
minimize the quantity of oily waste water collected in
the bilges

6. Improved tank level indicators to reduce
overboard spills during fueling and oily waste handling
and transfer operations

7. Contaminated fuel settling tanks to receive and
assist reclamation of fuel tank strippings which might
otherwise be discharged overboard

PROCEDURES.- For detailed procedural
instructions concerning shipboard oil pollution
abatement, you should consult NSTM, chapter 593,
“Pollution Control.” In the following sections, we will
discuss some of the highlights of these procedures and
other important information that you, as a GSM, should
be aware of when your ship must dispose of bilge water
and oily wastes, waste/used oils, and waste water test
chemicals.

Bilge Water and Oily Wastes.— You should be
aware of the procedures your ship will need to use for
the careful disposal of bilge water and oily wastes. As a
GSM in the oil lab, you can use the information in the
following list as a guideline.

1. Your ship must reduce oil contamination of its
bilge water to a minimum. Use of carefully maintained
mechanical seals in oil and water pumps and the proper
segregation of oily and nonoily waste water will help
your ship reduce generation of oily wastes. Your ship’s
efforts to segregate bilge water from oil are important
steps in pollution control.



2. Your ship should minimize use of any bilge
cleaners or chemical agents, such as detergents and
surfactants, that will promote chemical emulsion. This
step will enable the OWS units to work more effectively.

3. In port, your ship should off-load oily wastes to
a shore receiving facility. The use of shoreside donuts
(oil disposal rafts) is being phased out. Ships will be
charged an analysis fee for a laboratory analysis of
contaminated bilge water.

4. In port, your ship can use any of the following
methods to dispose of oily bilge water:

a. Oil-water separator (OWS) system—Your
ship should use its OWS system unless state standards
or local port authorities prohibit its use. This is one of
the most important steps in pollution control.

b. Oil-ship waste offload barges (O-SWOBs)—
Ships that are not equipped with bilge OWS systems
should use the O-SWOB system for treating and
collecting oils and oily wastes.

c. Permanent shore reception facilities—Where
adequate oily waste collection lines are provided, your
ship may pump oily bilge wastes directly ashore.

5. Your ship may be equipped with oily waste
holding (OWH) tanks instead of an OWS system. In this
case, your ship must direct all shipboard oily wastes to
the OWH tanks. In the tanks, the oil will be separated
from the water. This step will allow your ship to recover
and transfer ashore valuable reusable waste oil and
reduce pollution. Ensure this OWH tank is never
contaminated with synthetic oils.

6. In normal operations, your ship must not use
eductors to dewater bilges containing oily wastes. In
emergencies when the OWS or OWH system cannot
handle flow requirements, your ship is permitted to use
eductors. In these cases, your ship must be underway,
should try to be at least 12 nm from land, and should
have the proper notations entered into the engineering
logs.

Waste/Used Oil.- Before your ship departs from
port or after it returns, you and other shipboard
personnel must make every effort to use the available
port facilities to dispose of waste/used oil products.
These facilities include O-SWOBs, pier-side collection
tanks, tank trucks, bowers, and contaminated fuel
barges.

In the case of used lube oils, your ship must collect
these products separately, store them, and label them for
eventual shore recycling. Your ship must not discharge
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these products into the bilge or into the OWH or waste
oil tanks.

In the case of synthetic lube oils and hydraulic oils,
your ship must also collect these products separately
from other used/waste oils. If your ship does not have a
system dedicated to collection of synthetic oils, you
must use 5- or 55-gallon steel containers, properly
labeled, for eventual shore recycling. All personnel who
must handle synthetic oils must wear protective
clothing, such as impermeable gloves, coveralls, and

goggles.

Your ship will receive all oil products in the original
packaging or containers, such as drums or cans. Your
ship should retain these containers and keep them
properly labeled for storing used oil products and
transferring them ashore.

Waste Water Test Chemicals.- You must place the
waste from each chemical product in the original or in
its own properly marked container. Never pour these
products into shipboard drains. For example, you must
store bottles containing mercury wastes (mercuric
nitrate) on board until you can turn them over for
disposal to the public works officer or public works
center at a naval installation (base or shipyard) or an
industrial facility.

Whenever you are handling the flammable or
hazardous materials we have just described, always
follow the prescribed safety guidelines. Now, let’s take
a look at some of the safety guidelines you should follow
when you are operating and monitoring laboratory test
equipment.

OPERATING AND MONITORING
LABORATORY TEST EQUIPMENT

While assigned to the oil lab, you will be required
to use a variety of sampling and testing equipment items.
In the following paragraphs, we will briefly describe this
equipment and the precautions you should take to
operate, monitor, and maintain these items safely.

All the equipment we will describe must use some
sort of electrical power device to obtain the power to
operate. As with all types of electrical equipment, you
should periodically check the casing of the equipment
and the power cords for damage. Remember to keep
countertops and decks free of liquids whenever you are
operating this equipment. If you have an electrical
problem or you realize that electrical safety checks need
to be performed, always make sure the electricians are
promptly informed.
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2-1.—Centrifuge.
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Figure 2-2.—Free water detector (AEL Mk I/Mk II)
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Figure 2-3.—Contaminated fuel detector (AEL Mk II1).

Centrifuge

You will use a centrifuge to test fuels and lubricating
oils for bottom sediment and water (BS&W). The
centrifuge you use must be capable of holding at least
two 100-milliliter pear-shaped tubes. Thff@;c_lﬂ
centrifuge you will likely use is shown in figure 2-1.
It is capable of holding four tubes at one time. It also
has an adjustable speed control rheostat, which will

allow you to raise and maintain the rotational speed
between 1,400 to 1,500 rpm.

To operate this unit safely, remember it is a
rotating piece of equipment. Always keep your hands
and all objects away from the unit while it is
operating. Never open the unit while it is operating.
Before you operate the centrifuge, always make
certain the tubes are free from cracks and they are
properly capped. Also, make sure the unit is sitting
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on a level surface and the tubes are equally spaced to
maintain proper balance.

AEL Mk I/Mk 11

[t‘Phe_;jérzE:L;Mk I/Mk II free water detector is shown
in figure 2-2. You will use this instrument to measure
the amounts of free or mechanically suspended water
in diesel fuels, naval distillate, and JP-5. To operate
the unit safely, follow the precautions mentioned

earlier for the safe operation of electrically powered
equipment.

AEL MK 111

The AEFL;_MHZ—::,&I contaminated fuel detector is
shown in figure 2-3. It is the most extensively used

unit
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Figure 2-4.—Flash point tester.

for fuel testing. Like the AEL Mk I/AEL Mk II,
you will use the AEL Mk III to test diesel fuel,
naval distillates, and JP-5. If this unit is not
operational, you will not be able to determine the
quantity of solid contaminates or free water
content in the fuel. The reason for this is the AEL
Mk I/Mk II requires the fuel to be drawn through
its detector pad by the AEL Mk III pump.

Although it is portable, the AEL Mk III should
be mounted in a permanent location so it will stay
within its proper calibration requirements. Every
time this unit is moved, it must be recalibrated. It
should only be moved if it is being replaced or
repaired.

The primary safety factor you must consider is
to make sure the grounding probe is in good
working condition and that you, and other oil lab
personnel, use it properly. You must use the
grounding probe to ground the metal filter holder
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to the unit case. The grounding function transfers
the static electric charge that is created as the fuel
is drawn from the plastic bottle through the filter
holder.

Flash Point Tester

The flash point tester shown in[figure 2-4lis the
only type of flash point tester that is authorized
for shipboard use. It is classified as a closed-cup
tester because the liquid being tested is heated by
an electric element and not an open flame.

You will use this tester to determine the flash
point of a specific petroleum product. Before you
use it, however, always thoroughly clean and dry
all parts of the cup and its accessories. Be sure to
remove any solvent that was used to clean the
equipment. These steps will help you make certain
the solvent will not contaminate the fuel or come
in contact with the heating element.
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Figure 2-5.—Boiler water testing cabinet (inside view).

As shown in figure 2-4, lbottled propane is used
with the tester to supply gas to the test flame.
When the tester is not in use, you should make
certain the propane bottle is properly stowed.
Because the thermometer in the unit contains
mercury, it must be audited by the hazardous
materials officer (usually the supply officer). Use
and store this thermometer carefully to avoid
breaking it. If it should break be sure to contact
your ship’s hazardous materials spill team.

Boiler Water Testing Cabinet

A typical boiler water testing cabinet is shown
in [figure 2-5.1This portable, steel cabinet contains
the primary equipment and chemicals you will
need to perform approximately 90 percent of all
water chemistry testing. It is equipped with an
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internal light and a door that can be locked for
safety purposes. Although the cabinet is portable,
for shipboard use it is normally bolted to the
workbench.

Conductivity Meter

With the removal of carbon steel steam-
generating tubes and the installation of stainless-
steel ones, the WHB water chemistry testing
program has undergone several changes over the
years. One of these changes was the deletion of pH
level testing and the start of conductivity testing.
To implement this change, U.S. Navy ships have
been equipped with conductivity meters. There are
two types of conductivity meters currently in use.
The older meter requires a warm-up



Figure 2-6.—Conductivity meter.

period. The newer meter does not require a warm-

up period. The newer model is shown in

SAMPLING AND TESTING FUELS,
OILS, AND WATER

Fuels, oils, and water are essential products for
the operation of your ship. Your most important
concern will be maintaining the quality of these
products. By using the proper sampling and
testing procedures, you will play an important role
in keeping your ship’s engineering equipment and
systems in top operating condition. In the
preceding section, we have focused on the safety
precautions you must use. In this section, we will
discuss the basic procedures you should follow to
sample, test, and analyze the quality of your ship’s
fuels, oils, and water supplies.
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Sampling and testing are two separate
processes, each with its own set of required tasks
for a particular product. For this reason, we will
discuss each of these processes in terms of the
basic tasks involved for each product. Just as with
any other set of procedures or tasks, you should
never rely solely on your memory. Every task we
will discuss has a specific written procedure in
either the EOSS, the PMS, or an NSTM. You
should always use the specific procedures and
guidelines authorized for your ship. In the
following sections, we will briefly describe some of
the most important tasks and procedures. We will
also point out some common mistakes.
Understanding this information and remembering
the safety precautions you have just read should
help you become a more proficient and productive
engineer.

FUELS

Sampling and testing are continuous tasks that
allow you to make certain your ship receives the
best quality fuel and that contamination levels
remain within the acceptable specified military
standards. Fuel contamination can originate from
a variety of sources. Fuel tanks can be
contaminated by rust particles. Rust particles can
be caused by moisture from air vents,
condensation on tank surfaces, and the settling of
solids and residues picked up during fuel
transfers. Consequently, you may have to perform
some type of sampling or testing procedure each
time your ship prepares to receive, move, stow, or
use fuel products. In the following paragraphs, we
will discuss some of the methods you will use to
sample fuels. We will begin our discussion with F-
76 (naval distillate) because you will need to
sample this fuel frequently.

F-76 (NAVAL DISTILLATE)

You will sample F-76 (naval distillate) more
than any other fuel product. The information in
the following paragraphs will introduce you to
some of the more commonly used methods,
equipment, sampling locations, and standards for
naval distillate.

Sampling

Simply stated, sampling is a visual inspection.
It is the first, simplest, and most frequent
procedure you will perform on fuels. A fuel sample
is a small part or quantity of fuel that is drawn for
visual or laboratory
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Figure 2-7.—Sounding tube oil samplers.

inspection because it is representative of the quality
and condition of the total quantity of that fuel.

METHODS AND EQUIPMENT.- The methods
you will use to obtain F-76 samples include tank
bottom sampling and pressurized sampling. To

perform tank bottom sampling, you will use a

common thief sampler, such as one of those shown in
[figure 2-7 To perform pressurized sampling, you will
need standard equipment items, such as a sample
bottle, a bucket, rags, and the required personal
protective equipment.

LOCATIONS.- Regardless of the type of fuel
system on your ship, your ship must be equipped with
valve connections at certain locations. As a minimum
requirement, your ship should at least have required
valve connections in the following areas:

e Each deck fill connection

e Each centrifugal purifier clean-fuel
discharge

e Each filter/separator (coalescer) clean-fuel
discharge

e Each stripping pump discharge
e All sounding tubes

For you to obtain a representative sample, the
sounding tubes in your ship’s fuel tanks must be
perforated along the entire length of the tube.

Regardless of the location and method you use to
take fuel samples—whether it is from a deck riser at a
fueling station, a thief bottom sample, or a sample
from the system piping—remember to follow the safety
precautions we have discussed and the guidelines in
NSTM, chapter 541, “Petroleum Fuel Stowage, Use,
and Testing” and chapter 542, “Gasoline and JP-5
Fuel Systems.”

STANDARDS.- After you take an F-76 sample,
you must visually inspect it. In some cases, you must
determine quickly if the fuel is suitable for use or if



another form of testing is required. All fuels should have
a clear and bright appearance. Your sample will have a
clear appearance when solids are not present. Your
sample will have a bright appearance if there is no free
water present.

CONDITIONS AND FREQUENCY.- There are
many conditions for which you will be required to take
F-76 samples. During a refueling evolution, for
example, you must sample F-76 from the deck
connection at the beginning, middle, end, and every 15
minutes until the evolution is completed. After sampling
F-76, you may determine that additional tests are
needed. Any time you prepare to test F-76, of course,
you must first obtain a sample. For this reason, we will
continue our discussion of sampling requirements in the
following section on fuel testing.

Testing

You will routinely use the following tests to check
the quality of your ship’s fuels:

® BS&W test
® API gravity test
¢ Flash point test

® Water contamination tests

We will describe these tests in the following paragraphs.
First, however, let’s look at some of the conditions that
will require you to perform these tests. After we explain
the requirements, we will describe each of the tests,
using F-76 as a typical fuel sample.

REQUIREMENTS AND CONDITIONS.- As a
GSM assigned to the oil lab, you should be able to
recognize when you will need to perform routine tests
and when you will need to use additional tests to check
the fuels your ship receives. You will perform routine
tests during a refueling evolution. You must, however,
recognize the different requirements for when your ship
receives fuel from a contracted U.S. government supply
source or a non-U.S. government source. In the
following sections, we will explain these requirements.

Refueling Evolution.- In addition to the visual
sampling requirements previously mentioned, you must
also perform a BS&W test on the samples taken at the
start, midpoint, and end of the refueling evolution. The
sampling procedures and BS&W tests are routine testing
requirements. If at any time during refueling you
discover free water in any of the samples, stop receiving
the fuel until you can locate the source of the
contamination and correct it.
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U.S. Government Supply Source.- If your ship is
receiving fuel from a U.S. government supply source,
the only required tests you must perform are the visual
inspections (samples) and the three BS&W tests
discussed in the preceding paragraph.

Non-U.S. Government Supply Source.- If your
ship is receiving fuel from a non-U.S. government
supply source, you must send a representative (if
possible) to the supplier to witness the gauging,
sampling, and laboratory analysis of the fuel. At a
minimum, your ship’s representative should observe
while the fuel is being tested for flash point, API gravity,
and BS&W. The flash point, especially, must be
determined before your ship can be authorized to receive
the fuel. You must determine the API gravity and BS&W
of the transferred fuel.

BS&W TEST.- You will routinely perform the
BS&W test to determine the sediment and water content
in your ship’s fuels. Sediment and water are often
present in heavy fuels. Too much water and sediment in
a fuel can cause blockage in the spray nozzles and poor
combustion of the fuel. In a fuel sample, the maximum
allowable percentage of BS&W is 0.1 percent.

To determine the BS&W, you will need a standard
sample bottle, two 100-milliliter (mL) centrifuge tubes,
and a centrifuge. Use the following steps:

1. Use the standard sample bottle to obtain the

sample. The temperature of your sample must
not be below 60°F (15.5°C).

Thoroughly agitate the sample. This is an
important step for accurate readings. You must
thoroughly agitate your sample before you
continue to the next step.

Measure exactly 100 mL of the sample into each
of the two centrifuge tubes and tightly cap both
tubes.

Place the tubes on opposite sides of the
centrifuge and whirl for 10 minutes at
approximately 1,500 rpm.

After the unit has completely stopped, remove
each tube, read the volume of water and
sediment at the bottom, and record the results.

Place the tubes back in the unit and centrifuge
for 10 more minutes.

Again, remove the tubes (when the centrifuge
has stopped rotating) and read and record the
results.



8. Repeat steps 6 and 7 until the volume of water
and sediment in each tube is the same (for that
tube) for two consecutive readings. (You can
usually obtain these readings within four
repetitions.)

Your readings will indicate a direct percentage of
water and sediment. (You will not have to make
conversions because you are using 100 mL of fuel in
each tube.) By using two tubes, you are checking the
samples against each other for accuracy, Therefore,
when you are determining your final reading and both
tubes have an equal amount of sediment and water, use
only the results of one tube to record the final reading.
If the tubes should have different amounts of sediment
and water, add the readings of both tubes together and
divide by 2 to get the proper total.

API GRAVITY TEST.- You will use the API
gravity test to check the actual weight (volume) of a fuel
that is transferred to your ship from a non-U.S.
government supply source. This test will allow your ship
to have a more accurate account of the actual amount of
fuel your ship will receive.

For this test, you will use a clear, smooth glass
container, a stirrer that will reach the bottom of the
container, a hydrometer, a temperature standard of 60°F
(15.5°C), and the conversion charts in NSTM, chapter
541, “Petroleum Stowage, Use, and Testing.” Use the
following steps:

1. Fill the container with a fuel sample. Make
certain the temperature of the fuel sample is
approximately the same as the temperature of

the surrounding air.
Use the stirrer to agitate the sample thoroughly.

Check the hydrometer to make sure it is clean,
dry, and at about the same temperature as your
fuel sample. Gently lower the hydrometer into
the fuel sample, release it, and allow it to sink
into the sample slightly beyond the point where
it floats naturally. Allow the rise and fall of the
sample to cease and the hydrometer to reach
equilibrium before you continue to the next step.

Read the scale. Make certain your eyes are on
the same level as the surface of the sample. Read
the hydrometer scale at the point that appears to
coincide with the top of the sample.

Convert your reading to the petroleum industrial
standard of 60°F (15.5°C) by referring to the
conversion tables in NSTM chapter 541. Use one
table to find the corresponding industrial
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standard for your reading. Refer to the next table
to find the volume correction factor. Take the
volume correction factor and multiply it with the
amount of fuel volume in the tank you are
testing. The result should provide you with the
actual weight or volume of the sampled fuel
according to the industrial standard and should
represent the actual weight of the fuel your ship
will receive from the non-U.S. government
source.

FLASH POINT TEST.- You will use the flash
point test to determine the flash point of a fuel your ship
has received on board. The minimum flash point for all
fuel on Navy ships is 140°F (60°C).

For this test, you will need a closed-cup flash point
tester and a 90 millimeter (mm) paper filter. Use the
following steps:

1. Thoroughly clean and dry all parts of the cup and
its accessories. Make sure there are no traces of

cleaning solvent on the unit or its accessories.

Filter the fuel sample through the filter paper to
remove all traces of water.

Fill the test cup with the fuel sample to the level
indicated as the filling mark. Place the lid on the
cup.

Set the cup in the oven. Be sure you have the
locking device properly engaged. Insert the
thermometer.

Light the test flame and adjust it to 5/32 inch (4
mm) in diameter. Adjust the oven heat so the rate
of temperature rise for the fuel (as indicated by
the thermometer) is 9°F (5°C) to 11°F (6°C) per
minute.

Turn the stirrer 90 to 120 rpm in a downward
direction. Now, turn the stirring unit off before
you continue to the next step.

Making sure the temperature of the sample is not
any higher than 30°F (17°C) below the expected
flash point, use the cover mechanism that

controls the shutter and test flame burner to
lower the test flame into the fuel cup. (Lower the
flame into the vapor space of the cup in 0.5
second, leave the flame in its lowered position
for 1 second, and quickly raise it back up.)
Reapply the test flame at every 2°F (1.1°C)
interval.

When the test flame causes a distinct “flash” in
the cup, record the temperature indicated. Do not



confuse the true flash point with the bluish halo
that may surround the test flame until the real
“flash” occurs.

WATER CONTAMINATION TEST.- If you
happen to be aboard a ship, such as an FFG, that has
noncompensated fuel oil storage tanks, you must
perform a water contamination (water cut) test. You
should perform this test 24 hours after the receipt of fuel.
If water is present, the tank must be stripped. You must
retest the tank until the fuel meets the requirements set
forth in NSTM chapter 541. Use the procedures in the
following paragraphs.

Service Tank Replenishment.— Noncompensated
fuel oil storage tanks contain the fuel products that will
be used to replenish the main and auxiliary service tanks
of your ship. For this reason, you must test
noncompensated storage tanks for water contamination
and strip them as necessary before the fuel transfer takes
place.

Five minutes after the start of the fuel transfer and
every 30 minutes thereafter, you must sample and
visually inspect the purifier discharge. Your sample
should meet the clear and bright criteria. If the sample
fails, you need to inspect the tank and clean the purifier.

Once the service tank is replenished, you should
recirculate the fuel. If your ship is equipped with
self-cleaning purifiers, recirculate the fuel in the service
tank for at least 3 hours and as long as possible after this
period. Even if your ship is equipped with manual
purifiers, you should still try to recirculate the fuel for
at least 3 hours after replenishment. A properly working
purifier can remove 10 to 50 percent of contaminants in
a single pass. If you operate the purifier for multiple
passes (3 hours), you can remove as much as 90 percent
of the total contaminants. By reducing the level of
contamination in the service tank, you are also reducing
use of the coalescer, separator, and prefilter elements.
As an additional precaution, you must make sure the
purifier bowl is cleaned regularly. If the purifier bowl is
not clean, recirculating the fuel will be of little value. If
the service tank remains idle for over 48 hours,
recirculate the fuel for at least 3 hours.

Your ship can minimize the entry of pollution-laden
harbor water into the compensated fuel tanks by topping
off the service tanks before entering port and by not
transferring fuel between groups. In the same way, your
ship should never use harbor water as tank ballast for
noncompensated fuel stowage tanks.

Service Tank Operations.— Before placing the
auxiliary (standby) service tank in use, you must test the
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tank bottom for water contamination and strip it as
necessary. When the service tank is suitable for use,
sample and test the filter/separator discharge 5 minutes
after you place the tank in service and at least once every
4 hours during system operation. To test the fuel, you
will use the AEL Mk I/IT and AEL Mk III testers. You
will use the AEL Mk III first.

AEL MKk III.- The AEL Mk III is a portable fuel
detection unit. It consists of a fuel sample container, a
fuel millipore filtration system (with the filter), and a
light transmission system that will determine the
quantity of solids contamination trapped on the
millipore filter. All the equipment and parts you will
need are stored in the unit. Before you begin the test,
however, there are two things you must check: (1) Make
sure the calibration chart is up to date, as it must be
updated quarterly according to the PMS, and (2) make
sure the fuel flask is empty. If you have to drain the flask,
turn the drain handle to allow the fuel to drain through
the tygon tubing to the waste fuel container. Once the
fuel has drained, close the drain cock Now take the
following steps:

1. Disassemble the filter holder and bottle
receiver assembly by turning the center locking
ring in a counterclockwise direction and
pulling apart the two components. Insert the
filter holder (the equipment with the rubber
stopper) into the opening in the fuel flask.

Using the forceps, place two millipore filters
on the rubber stopper side of the assembly
(filter screen). Do not touch these filters with
your hands!

Reassemble the filter assembly and
temporarily place it in the opening of the fuel
flask. Now, turn on the light switch so the unit
can warm up.

Fill the plastic bottle with 200 mL of the fuel
sample.

Remove the filter assembly from the fuel flask
opening and install it on the plastic sample
bottle. Make sure the entire threaded portion of
the sample bottle is inserted into the filter
assembly.

Insert the ground wire into the receptacle next
to the fuel flask opening. Quickly invert the
sample and place it into the fuel flask opening.
Now, turn on the pump.

After all the fuel has drained from the sample
bottle, carefully remove the bottle from the



11.

12.

13.

Figure 2-8.—Calibration

filter assembly. Watch to make sure all the fuel
drains through the filters. Next, turn off the
pump. By now, the light should have had
sufficient time to warm up and you can proceed
with the calibration process, starting with the
next step.

Making sure there is no filter in the receptacle
and the photocell is clean, swing the photocell
into the measuring position. Use the rheostat
knob to adjust the millimeter until you get a
reading of 0.6.

Using the forceps, pick up the contaminated
filter. Wet the filter completely by pouring a
small amount of clean F-76 on the working
surface and laying the filter in it. Make sure
you get the entire filter wet with fuel.

Using your forceps, place the wet filter in the
measuring receptacle under the photocell.
Record the reading on the millimeter and
remove the filter. Now, repeat the process with
the second filter.

MILLIGRAMS  PER  GALLON
5 10 13 20 28 30 3
0.3 L J. 1 1 ' L oA L A A 1 ? 4 1 A X A L 1 I A -
V]
/
0.2 ,1
o
//
|
o0
V
0.09 L4
"
-
; 0.08 /‘
3 A
H P
. 007
: ]
: o008 L4
=
z 008
/V
] 4
2 004
8 4
0.03 L4
002
//
-
oo
® % 1 2 3 ‘. s ) 7 . i 0
MILLIGRAMS PER LITER
THIS NUMBER MUST
CALIBRATION CHART COINCIDE WITH THE
CONTAMINATED FUEL OETECTOR, A.LL.  MK.NM, SERIAL NO UNIT BEING USED
R B I

2-15

chart.

14. Subtract the contaminated filter reading (filter
No. 1) from the clean filter reading (filter No.
2). Find the -corresponding contamination
value in milligrams per liter (mg/L) on the
calibration curve chart, such as the one shown

-8] Calibration chart readings of 5
mg/L or less are acceptable and equate to 2.64
mg/L. or less. You will not need to make

corrections for sample size.

With a little practice, you will have no difficulty
using the calibration curve chart. For example, take
the following numbers and plot them on the chart in
[figure 2-8: Filter No. 1 (contaminated) equals 0.02
milliamps. Filter No. 2 (clean) equals 0.06. Subtract
the reading for filter No. 1 from that of filter No. 2 .
Your answer should equal 0.04 milliamps. To find the
mg/L reading, look on the left side of the chart and
locate 0.04 milliamps. Draw a straight line across the
chart until you intersect the calibration line. At this
point, move your pencil straight down to find the fuel
contamination level. If you have done these steps
correctly, you should have a reading of 1.6 mg/L.



Now that you have determined the contamination
level of your fuel, you can proceed with the free water
test. For this test, you will use the AEL Mk II free water
detector as well as some parts of the AEL Mk III.

AEL MK II.- The AEL Mk II free water detector
consists of three main parts: (1) a view box containing
an ultraviolet light source; (2) a set of printed standards,
indicating 0, 5, 10, and 20 ppm; and (3) some water
detector test pads. To maintain detector accuracy, you
must replace the printed standards every 6 months. The
water detection pads are extremely sensitive to moisture
in the air. To avoid false readings, avoid drawing air
through these pads at times other than when your fuel
sample has passed completely through the pad. Keep
these precautions in mind as you take the following
steps:

1. Using the same fuel sample bottle you used
with the AEL Mk III, fill the bottle to the 200
mL mark with F-76.

Open a free water detector envelope. Using the
forceps, pick up the detector pad and place it,
orange side up, on the contaminated fuel
detector filter base. Attach the bottle receiver to
the filter base and plug in the ground wire jack.

Check to make certain the fuel flask is empty
and the drain valve is closed.

Shake the sample bottle vigorously for at least
30 seconds. Immediately turn on the vacuum
pump. Unscrew the bottle cap and place the
bottle receiver and pad holder assembly firmly
over the end of the sample bottle, making sure
the entire threaded portion of the bottle top is
inserted into the bottle receiver.

Pick up the entire assembly, invert it, and insert
the pad holder end into the fuel flask of the AEL
Mk III. Do steps 4 and 5 quickly to keep the
free water in suspension.

Observe the filtration process. Once the entire
sample has passed through the detector pad,
turn off the vacuum pump. Remove the bottle
and the bottle receiver.

Using your forceps, remove the detector pad
from the filter base and place it, orange side up,
in the free water detector slide depression.

Hold the light switch in the ON position and
insert the slide containing the test pad.

Look through the view port of the box. To
determine the amount of free water, compare
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the brightness of the fluorescence of the test
pad with that of the standards. The numbers
located directly above the standards will
indicate the free water content in ppm. If the
chart reading is 5 ppm or less, then the level of
free water is acceptable. A chart reading of 5
ppm or less equates to an actual limit of about
40 ppm or less. You will not need to make
corrections for sample size.

10. Your last step is to drain the fuel from the flask

of the AEL Mk II through the tygon tubing.

Up to now, we have discussed sampling and testing
requirements and procedures for F-76. In the following
sections, we will discuss the procedures you will need
to use for F-44, commonly called JP-5.

F-44 (JP-5)

Although most of your fuel sampling
responsibilities will involve F-76, you also will be
involved with maintaining the quality of F-44. F-44 has
two principal uses on board gas turbine-powered ships.
Its primary use is for the service of aircraft. Its secondary
use is for the ship’s boats. Maintaining a high quality of
this product is very important. As you read about the
sampling and testing procedures for F-44, notice how
the quality requirements for F-44 are much more
stringent than those for F-76.

Sampling

In sampling F-44, you will use the same visual
sampling criteria (clear and bright) as you would for
F-76. The main difference in the sampling requirements
is that you must sample F-44 fuels more frequently, The
conditions under which you must sample F44 and the
frequency with which you must take these samples are
listed in NSTM, chapter 542, “Gasoline and JP-5 Fuel
Systems.” As we are unable to cover the multitude of
conditions and circumstances within the scope of this
TRAMAN, we recommend you consult NSTM, chapter
542, for detailed instructions.

Testing

You will basically use the same tests and testing
procedures for F-44 as you would for F-76. The main
difference is that the testing requirements for F-44 are
stricter than those for F-76. The stricter requirements for
F-44 apply mainly to the following maximum allowable
contamination limits:

® Solids contamination must not exceed 2.0 mg/L.

® Free water content must not exceed 5 ppm.
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Figure 2-9.—FSII refractometer.

The methods you will use to test F-44 are the same
ones we just described for F-76 fuels.

In addition to the tests you will perform on both F-
76 4. and F-44 fuels, you must perform one other test
on F-44. In this test, you will check for fuel system
icing inhibitors (FSII). For this test, you will use the
FSII refractometer kit, as shown in figure 2-9.]View A
of shows the components of the test kit and
the 5. set up. Views B and C show front and side
views of the refractometer.

As the name implies, the refractometer uses light
to 6. indicate inhibitor levels. You must handle the
refractometer with care. It is delicate and can be
damaged easily. You can use either a fluorescent or
an incandescent light source, but the area in which
you perform test, must be well lighted. To perform
the test use the following steps:

1. Set up the refractometer ring stand

assembly, as shown in view A offfigure 2-9.

2. Using a clean sample bottle, take a 1-quart
sample of the F-44 you will test.

3. Fill the aluminum dish that comes with the
kit one-half full. (If the dish that comes
with the kit is damaged or missing, you can
use any clean dish.)
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4. Fill the graduated cylinder and the
separator funnel about one-third full of the
test fuel. Swish the fuel around in both the
cylinder and the funnel to clear away any
foreign material, then toss it out.

5. Fill the graduated cylinder with exactly 160
mL of the fuel sample. (Make sure the
drain cock on the separator funnel is
closed.)

6. Pour the fuel from the graduated cylinder
into the separator funnel.

7. Using the piston pipets or an eye dropper,
add exactly 2 mL of water from the
aluminum dish to the separator funnel.
Place the cap on the funnel.

8. Shake the funnel for at least 3 minutes,
then place it on the ring stand.

9. Open the hinged plastic cover on the
window of the refractometer. Make sure the
window and cover are clean. Place several
drops of water on the window. Close the
cover and look through the eyepiece.
Observe the shadow line.
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Figure 2-10.—Views through a refractometer.

Remove the black plastic rod from the
bottom of the refractometer. Using the rod
(or a screwdriver), adjust the setscrew
until the shadow line meets the zero line of

the scale, as shown in figure 2-10. |(Study

views A and B.)
NOTE

What you have done is added water to the
fuel. By shaking the sample, you have
allowed the icing inhibitor to leach into the
water. By adjusting the setscrew until you
read zero, you have made the refractometer
ready to compare the FSII in the fuel to the
scale inside the instrument.

10. Open the plastic cover and wipe the
water from the window and cover.
Carefully turn the drain cock so several
drops of water can trickle into a clean,
dry aluminum dish. Open the hinged
plastic cover and place two or three
drops of water from the funnel on the
window. Close the cover. Look through
the eyepiece and read the point where
the shadow line is on the scale. This
reading should give you the percentage
of FSII by volume. (Study view C.)

NOTE

Remember to put only water on the
refractometer, no fuel. Use clean water or
water with additives only. If fuel is in the
sample you put on the refractometer, you may
get a false reading.

11. Upon completion of the test, empty the
funnel and properly dispose of the fuel.
Clean the equipment with soap and
water, then thoroughly rinse it with
water.
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OILS

In the oil lab, your job of sampling and
testing oils (lubricants) will be extremely
critical to the effective operation of your ship’s
engineering equipment and systems. Oils
reduce friction, dissipate heat, and prevent
corrosion. In addition, they conduct friction-
generated heat away from bearings, act as a
seal to protect lubricated areas from
contamination, and act as a carrier for
materials such as rust preventatives, anti-
friction agents, and extreme-pressure
additives.

Contamination of oils can seriously harm
equipment. Contamination occurs in oils
much in the same manner as it does in fuels.
Whereas fuels are really used only once, oils
are purified and used over and over again.
This is where a good sampling and testing
program comes into play.

In the following sections, we will discuss
typical sampling and testing procedures for
oils. In most of our discussions, we will use
2190 TEP as a typical oil because you will
come into contact with this oil more than any
of the others. Later in this section, we also
will tell you about the other types of oils and
the sampling and testing procedures you will
be required to perform on them. Because you
will perform sampling more frequently than
testing, let’s talk about oil sampling first.

SAMPLING

0Oil sampling will always be your simplest,
most frequently used, and first-line procedure
of defense against equipment failure. While
assigned to the oil lab, you will need to know
the conditions for which you



should take oil samples and the frequency with which
you should perform sampling procedures.

Conditions and Frequency

You should take oil samples for shipboard testing at
the intervals specified by the PMS, the EOSS, or the
applicable technical manuals for your ship. Unless
otherwise specified in these documents, you should
sample all equipment at the following times:

® Before start-up
® 30 minutes after start-up

® Daily thereafter

In addition, you must sample idle equipment weekly. Be
sure to check all equipment for proper oil levels before
and after sampling.

You also should sample when unusual conditions
occur, such as abnormal changes in temperature,
pressure, vibration, or noise levels. You should always
sample whenever you observe an abnormal symptom,
such as a sudden oil color change, foaming in the sight
glass, and excessive leakage, venting, or oil
consumption.

NOTE

Normal lube o0il sampling and testing
requirements do not apply during engineering
casualty control drills. For equipment involved
in casualty control drills, test the oil 1 hour
before the beginning of the drills and 1 hour
after the completion of the drills.

Methods

The three oil sampling methods you will commonly
use aboard ship are: (1) thief, (2) static, and (3)
pressurized. In the following paragraphs, we will
discuss these methods and the equipment you will need.

THIEF METHOD.— Thief sampling is the method
you will use primarily to sample the bottom of the
equipment sump (like that on the main reduction gear)
before the lube oil service pumps are started. You will
use a thief sampler (sounding tube sampler) similar to
one of those shown in[figure 2-7] If the sump has a
sounding tube, you must use a pail, a clean 8-ounce
sample bottle, rags, and a thief sampler. (If the sump
does not have a sounding tube, you will be required to
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use the pressurized sampling method, which we will
discuss later.) Use the following steps:

1. Clean the area around the sounding cap and

remove the cap.

Attach the thief sampler to the sounding tape and
lower it into the sump. Do this slowly so the
sampler will gently hit the striker plate at the
bottom. You can damage the sampler if you let
it hit the striker plate too hard. If you are not
familiar with the depth of the tank, measure it
first. Then, you can use the sounding tape to
measure the distance from the top of the
sounding tube to the striker plate before you
attach the sampler. Remember, the sounding
tape plumb bob is approximately 4 inches
shorter than the sampler.

Once the sampler is at the bottom of the tank,
you can take a sample. However, you will not
keep this sample. You will use it to flush out the
sample bottle. Remember to keep the sample
bottle capped or closed promptly after you take
the sample to prevent contamination.

After flushing the sample bottle, dump the oil
into a pail for disposal.

Fill the sample bottle. You will have to send the
sampler down several times to obtain enough oil
to fill the bottle.

Label the filled sample bottle with the following
information:

¢ Equipment name
® QOil type

¢ Date

® Time

STATIC METHOD.— You will use the static
method to take samples on equipment items that have
sample connections installed on the equipment sump.
The equipment items with this type of sample
connection are usually auxiliary equipment, such as air
compressors, line shaft bearings, and lube oil storage
and settling tanks.

For static sampling, you will use the same basic
procedures you would use for thief sampling. The only
difference in static sampling is you must flush the
sample connection. The amount of oil you must use to
flush the connection must beat least equal to or greater
than the amount of stagnant oil already in the
connection.



PRESSURIZED METHOD.— You will be able to
perform pressurized sampling on most of the operating
equipment in the engineering plant. In fact, when you
use the pressurized method, you will be taking samples
on equipment that is already in operation. The main
problem with taking pressurized samples is that you
must take additional precautions, such as wearing
protective clothing (rubber gloves, an apron, and
chemical splash goggles), and taking extra care to avoid
an excessive loss of oil. Be very careful when you take
these samples. Try to avoid accidentally dumping the oil
from either the sump or the tank. Sound the sump on
small equipment both before and after you take the
samples because flushing and sampling can both cause
a low sump condition.

Standards

No matter what method you use, all your samples
must meet the visual inspection requirements. These
requirements, the clear and bright criteria, are basically
the same as those you would use for fuels. The only
difference is you must allow an oil sample that has a
hazy appearance to settle for 30 minutes to allow any
entrained air a chance to dissipate. If the sample clears
from the bottom to the top, you can assume the haze was
the result of entrained air. If the haze clears from the top
to the bottom, however, it is likely the result of solids or
free water contamination.

After allowing the haze to clear, you must visually
inspect the sample to determine if it is clear. Start by
inverting the sample bottle and observing the particulate
matter as it settles. Be sure to hold the bottle in the
inverted position for at least 1 minute. Then, turn the
bottle in its right-side-up position for 1 minute, and then
invert it again for an additional minute. Invert the sample
bottle at least three times. If you still see any particulate
matter in the oil, the sample has failed your visual
inspection for clear and bright oil and you must perform
additional testing. The additional tests will be based on
the type of oil and the type of equipment.

TESTING

The oil testing procedures we will discuss in this
section are for transparency, BS&W, mineral oil
contamination, acidity, and fuel dilution. These tests are
usually performed either as a PMS maintenance
requirement or under special conditions. In the
following sections, we will describe each of these tests.
Later, we will tell you about each oil type, its testing
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requirements, and whether the tests are routine or
conditional.

Transparency Test

Systems without online purification capability
sometimes have difficulty maintaining a clear and bright
oil condition. In such equipment, frequent oil changes
to maintain a clear and bright condition are time
consuming and costly. In these cases, you should
perform the transparency test.

First, place a PMS card behind the sample bottle in
a well-lighted area. Be sure to hold the card directly
against the sample bottle. Try to read the printed words
on the card. If you can read the words, the oil passes the
transparency test. If you can not read the words, the oil
fails the test. If the oil passes the transparency test, it is
satisfactory for use. If it fails the test, your next step is
to perform the BS&W test.

BS&W Test

You will perform the BS&W test on all types of oils.
The BS&W test you will perform on oils is very similar
to the one we described for fuels. Since the procedure is
basically the same, we will just discuss the differences.
The only differences in the procedure for oils are that
you must (1) dilute the oil sample, and (2) add the water
and sediment readings of both tubes to get the final
readings.

To dilute the oil sample, add exactly 50 mL of a
water-saturated mixture of dry-cleaning solvent
(P-D-680, type II) to each of the two 100 mL tubes. After
vigorously agitating the oil sample, pour the oil into each
of the 100 mL tubes. Pour enough oil into each tube to
make up the remaining 50 mL. Agitate each tube to make
sure the oil and dry-cleaning solvent are completely
mixed. Invert each tube at least five times. Allow the
liquid to drain thoroughly from the tip of the tube each
time you invert it. Now check your readings against the
following standards:

1. If the sediment is less than or equal to 0.1 percent
and the combined BS&W is less than or equal to 0.2
percent, the oil is satisfactory for use.

2. If the sediment is less than or equal to 0.1 percent
and the combined BS&W is somewhere between 0.2
and 0.4 percent, the equipment is in a warning condition.
In this case, you need to identify the cause of the
contamination and correct it. Either purify the oil or
replace it with clean oil when the equipment is secured.
Do not operate the equipment longer than 7 days after



you identify the contamination unless you obtain written
authorization from the commanding officer. For secured
equipment, have the oil either purified or changed
before the equipment is readied for operation.

3. If the combined BS&W exceeds 0.4 percent or
if sediment exceeds 0.1 percent at any BS&W level, the
oil is at the condemning limit. In this case, you must
secure the equipment unless the commanding officer
authorizes its continued use in writing.

Mineral Oil Contamination Test

You will use the mineral oil contamination test on
synthetic oils. In fact, you must routinely test synthetic
oils for mineral oil contamination. Mineral oil
contamination is always a possibility because of the
configuration of the synthetic oil cooling systems.
According to the PMS, you will routinely perform the
test for mineral oil contamination every month. Use the
following steps:

1. Mix 25 mL of synthetic oil with 75 mL of
absolute methanol in a 100-mL graduated
cylinder that you can cap.

Seal the container and shake it vigorously.

Observe the liquid. If the liquid appears cloudy,
it is contaminated with mineral oil. If the liquid
remains clear, it is not contaminated with
mineral oil.

If the oil is contaminated, find the cause and
correct it. Then, thoroughly flush the oil system
before you add new oil.

0il Acidity Test

You will be required to perform oil acidity tests on
series 9000 (diesel) oils. You will normally conduct the
oil acidity test at least every 24 hours of engine operation
or once a week, whichever is more frequent. To perform
this test, use the following steps:

1. Remove the reaction vial from the test kit and
fill it to the 25-mL mark with the preprepared
reaction indicator solution.

Add the engine oil to raise the liquid level to the
40-mL level.

Screw on the top and shake the vial vigorously
for 15 seconds.

Allow the reaction vial to stand for 5 to 10
minutes until the oil and indicator separate.
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5. Remove the reaction indicator card from the kit
and compare the color of the separated indicator
(lower level in vial) with the card. If the indicator
is blue, the oil is satisfactory. If the indicator in
the vial is either green or yellow, the oil is
unsatisfactory and should be changed.

Fuel Dilution and Oil Thickening Test

Like the oil acidity test, you will perform the fuel
dilution and oil thickening test on series 9000 (diesel)
oils. For the fuel dilution and oil thickening test, you will
need a sample of clean (new) lube oil as well as the
sample from the engine (used oil). Take the comparator
from its storage case and set it up on a level, stable work
area. Make sure it is firmly supported and at a slight
angle from the vertical position. Take the following
steps:

1. Using the thermometer from the test kit,
measure the temperature of the new and used
oils to make sure the difference is not greater
than 1°F (-17.2°C).

2. Fill tube A of the comparator to the gallery (the

enlargement of the diameter) with new oil and
place it in the comparator. Fill tubes 1 and 2 to
the same level with used oils and place them also
in the comparator.

NOTE

You can place samples from two different
engines in the individual comparator tubes
(tubes 1 and 2) at the same time. You will run
the test only on one used sample tube and tube
A at a time.

3. Use the end buttons to lift the three rod markers
to 100 on the scale. Do not let your fingers touch
the rods. Set the comparator aside for at least 10
minutes to equalize the temperatures.

Run rods A and 1 up and down in their tubes at
least twice. Looking squarely at the markers and
the start line, set the markers of rods A and 1 at
the start line. Place the rod of the other sample
tube in the down position.

Push in the reset button. Start the rods down by
pushing and holding the release button. Then
release the button when one of the rod markers
reaches 100 on the scale.



6. Record the rod A reading in column 3 of the
diesel engine lube oil testing log. (We will
examine this log later in this chapter.) Record
the used oil rod reading in column 4 of the oil
test log.

You can now repeat the process if you are using
another used oil sample in tube 2. When you have
completed the tests, wipe the rods and the balls and drain
the tubes thoroughly. You must make certain to do this
between each test. Place the comparator back in its
storage case.

The proper analysis of the test results depends upon
the design and size of the engine from which you took
the sample. You can generally use the following
standards:

® The normal range of fuel dilution will be within
0.5 to 2.0 percent.

Fuel dilution in the range of 2.0 to 5.0 percent
indicates either a fuel jumper line leak or faulty
injection equipment.

Fuel dilution greater than 5.0 percent should
cause you to be seriously concerned about the
fitness of the engine. In addition to checking for
jumper line leaks and faulty injection
equipment, inspect several of the engine
bearings for abnormal or excessive wear. If the
bearings are worn, you will need to make further
inspections to determine both the extent of
bearing damage and the proper repair actions.

The standards of the test are logical if you just think
about how the test works. In the case of fuel dilution, the
higher the fuel dilution (oil thinning), the faster the rod
will move down in the used oil than it will in the new
oil. Oil thickening, however, is just the opposite. The
carbon and sediment picked up by the oil will cause the
oil to become thicker and will cause engine damage if
the oil is not changed.

TYPES OF OILS

We have just discussed the basic tests you will be
required to perform on oil samples. We will now talk
about the different oils you will test and how the
characteristics and testing requirements will differ
depending on the type of oil and the type of equipment
using it. Since they are the most commonly used oils on
your ship, we will discuss mineral oils, or 2190 TEP,
first.
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Mineral Oils

Mineral oils, commonly called 2190 TEP, are
extensively used throughout naval engineering plants.
These oils are commonly used in your ship’s main
reduction gears, controllable pitch propeller systems,
and generators.

Earlier in this section, we discussed the procedures
you should use for sampling oils. If a mineral oil sample
fails your visual inspection or remains hazy after
settling, you will need to perform additional tests. The
tests you will perform on mineral oils are for
transparency and BS&W.

In sampling and testing mineral oils, you should be
aware of some special characteristics. Sometimes the
chemical makeup of a mineral oil will cause a good oil
not to be clear and bright at 77°F (25°C). This usually
happens when the oil is contaminated with trace
amounts of water. After the oil is heated, it becomes clear
and bright. Consequently, if you are sampling a
MIL-L-17331 (2190 TEP) lube oil and your oil sample
is not clear and bright at 77°F (25°C), use a water bath
to heat the oil to 120°F (48.8°C). For the water bath, you
will need a container of water and a heat source, such as
a hot plate. You can also use a deep sink or pot filled
with hot water. Place the sample bottle in the water and
heat the oil until it reaches 120°F (48.8°C). Observe the
oil sample periodically. If the oil becomes clear and
bright when it reaches 120° (48.8°C), it is satisfactory
for use. If the oil fails to become clear and bright after
it reaches 120°F (48.8°C), use the following guidelines:

1. If the equipment has online purification
capability, have the oil purified. If the oil is still not clear
and bright after three passes through the purifier, change
it.

2. If the equipment does not have online
purification capability and you discover particulate
matter in the sample, perform the BS&W test. If the
sample is not clear and bright, perform the transparency
test.

Synthetic Oils

Synthetic oils are found in shipboard cooling
systems. You will routinely make visual inspections of
synthetic oils during sampling. In addition to
transparency and BS&W tests, there is one other
shipboard test you will need to be familiar with for
synthetic oils, the test for mineral oil contamination. In
performing this test, you should use the procedure we
described earlier.



Series 9000 Oils (Diesel)

In addition to the transparency and BS&W tests, you
will need to perform two other tests on 9000 series oils
(diesel), the oil acidity test and the fuel dilution and oil
thickening test. In performing tests on 9000 series oil
samples, follow the steps we described for each of these
tests in the preceding paragraphs.

WATER

You will sample and test water products almost as
frequently as you will fuel products. In sampling and
testing water, the primary contaminant you will deal
with is chloride. Chloride is the direct result of seawater
contamination, but other contaminants are also
produced when seawater contamination occurs. Rust
formation (corrosion) and scaling can occur in boilers,
feed tanks, piping, and diesel engines. This is why you
must frequently sample water products and provide
prompt and correct treatment for contamination levels.
The only way you can detect these contaminants is
through a program of diligent sampling and testing.
Once you detect the contaminants, you can devise a
treatment plan to control and eliminate the problem.

In the following sections, we will tell you about
various sampling locations, basic testing guidelines, and
fundamental treatment procedures for water products.
We will use different terms to refer to the water you will
sample and test at specific locations in the shipboard
water cycle. These distinctions are necessary because
water quality standards will vary throughout the system.
We will use the following terms to identify water at
various points in the system:

® Distillate—The distillate is the evaporated water
that is discharged from a ship’s distilling plant. The
water in a shipboard water cycle normally begins as
distillate. The distillate is stored in the feedwater tanks.
The chief engineer will designate one of these tanks as
the online feed tank and the others as reserve feed tanks.
The distillate will be stored in the reserve feedwater
tanks until it is needed as makeup feedwater.

® Feedwater—Very simply, feedwater is the water
(distillate) stored in the feedwater tanks. In its broad
sense, feedwater refers to all waters of the feed system,
including the reserve feedwater, makeup feedwater,
condensate, and deaerated feedwater systems. In its
narrow definition, feedwater can include different types,
depending on the location of the feedwater in the system.

® Reserve and makeup feedwater—The distillate
while stored in the feedwater tanks is called reserve
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feedwater. Because gas turbine-powered ships that have
waste heat tillers do not have demineralizers, the water
in all tanks (including the tank on makeup) is termed
reserve feedwater. The water flowing to the condensate
system is referred to as makeup feedwater.

® Deaerated feedwater—Deaerated feed water is
produced from the condensate that flows from the
condenser to the deaerating feed tank (DFT) where
dissolved oxygen and other gases are removed. The
resulting deaerated feedwater then goes to the tillers.
Deaerated feedwater specifically refers to that water
contained between the DFT and the boilers.

® Condensate—Condensate is the water that results
when used steam is cooled in a condenser. After the
steam has done its work, it is coded in a condenser and
returned to its liquid state. The condenser is a heat
exchanger that uses seawater to cool the steam and turn
it into water. The liquid condensed from steam is called
condensate. Water from other sources, such as makeup
feedwater and low-pressure drains, mixes with and
becomes part of the condensate. The condensate goes to
a condensate cooler, and back to the feedwater tank.

® Boiler water—If a DFT is installed, the deaerated
feedwater, as it enters the boiler separator, becomes
boiler water. Boiler water specifically refers to the water
in the separator, headers, and generating tubes of the
boiler.

® Fresh water—Fresh water can refer either to a
ship’s potable water or to water from certain steam
drains that is returned to the condensate system.

You should routinely be able to recognize and use
these terms. Keep these terms and their definitions in
mind as you read the following sections.

SAMPLING

Sampling of water products is just as important as
sampling of fuels and oils. The primary difference is that
water products will rarely show any visible signs of
contamination. Because of this, you will draw water
samples primarily for chemical testing.

You will draw water samples from various locations
in the plant. These locations will differ according to
whether the system you are testing is operating under
normal conditions or casualty conditions. In the
following paragraphs, we will discuss when you must
take samples under normal operating conditions and the
sampling locations you should use.



Boiler Water

For your ship’s boilers to operate safely and
efficiently, you must pay careful attention to the quality
of the boiler water. Your responsibilities for sampling
boiler water will vary based upon the condition and
operation status of each boiler. In the following
paragraphs, we will talk about some of the more
common conditions you will encounter.

STEAMING BOILERS.— You should sample
boiler water from a steaming boiler at the following
times:

1. Within 30 minutes after the generator is started.

2. As often as you need to maintain the chemical
limits, or at least every 8 hours. The time
between samples should not exceed 8 hours.

3. Within 1 hour before starting blowdowns.

4. Between 30 to 60 minutes after blowdowns.

5. Between 30 to 60 minutes after batch chemical
treatment.

6. Within 1 hour before the generator is secured.

When taking samples from a steaming boiler, keep
the design of the system in mind. The water and steam
mixture you will sample originates from the boiler. The
water then passes through a cooler which lowers the
water temperature to 100°F (37.7°C) or below. Each
boiler has its own cooler. For this reason, you must
designate and maintain a separate sample bottle for each
boiler. You should also follow all the safety precautions
listed at the beginning of this chapter.

IDLE BOILER.— In sampling boiler water from an
idle boiler, you will use the same locations you would
use for a steaming boiler. For an idle boiler, however,
you will only be required to sample 1 hour before a
blowdown, usually after the boiler is secured. Even if an
idle boiler has been blown down, you will not be
required to sample it either after the blowdown or before
the subsequent start-up.

Feed water

The sampling requirements and standards for
feedwater will vary based upon each specific type of
water, contaminant, or test, and the associated standards,
limitations, and required intervals. Many of the
sampling and testing requirements for feedwater are
shown in[table 2-1] Notice how the table shows you the
water type, the required sampling intervals, the
contaminate for which you are testing, the type of test
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you should use, and the maximum limit or range. Notice
also that some of the test frequencies say “as required.”
This means the affected sampling locations have
individual salinity/conductivity indicators. In testing the
feedwater at these locations, you will compare the
chemical test results with the meter reading. The
required sampling frequently for each of these locations
will depend upon the chemical test comparison results.
For example, if the chemical chloride test result is more
than 0.02 epm higher than the meter reading, the test is
unsatisfactory and the meter is faulty. If the chemical
chloride test result is less than the meter reading by more
than 0.02 epm, then the water must be tested for
hardness. If hardness is less than 0.02 epm than the
meter reading, then once again the meter is faulty. In this
case, you must sample at that location at least once every
4 hours until the indicator is brought back into service.
Remember, many waste heat boilers are not equipped
with a sample connection at the condensate cooler or the
control condenser. In these cases, you should compare
the applicable standards to a feedwater tank sample.

Ship’s Service Diesel Generator and Waste
Heat System (FFG-Class Ships)

Let’s shift gears from waste heat boilers and look at
the water sampling requirements for an FFG-class ship’s
service diesel generator and waste heat system. First,
let’s talk about the treatment chemical you will be
sampling and testing, Nalcool 2000.

NACOOL 2000.— Nalcool 2000 consists of a blend
of corrosion-inhibitor chemicals in a water solution. The
major components of Nalcool 2000 are sodium nitrite,
sodium borate, sodium silicate, and an organic copper
inhibitor. Sodium nitrite helps to forma protective oxide
layer on ferrous metal surfaces. Sodium borate is an
alkaline buffer that reduces corrosion by neutralizing the
acidic by-products that result from combustion blow-by
gases leaking into the coolant. Sodium silicate forms a
silicate film on metal surfaces and provides effective
corrosion protection for mixed metal systems. The
organic copper inhibitor chemically bonds with the
copper in copper alloys, resulting in a protective layer
on the surface.

DIESEL JACKET WATER SYSTEM.— To
monitor the diesel jacket water system of an FFG-class
ship, you should take samples at the following times:

® After freshly filling and treating the system
® After adding water to the cooling system

® After adding chemicals to the cooling system



Table 2-1.—Waste Heat Boiler Feedwater Requirements

Type of Water Test Frequency Constituent Test Maximum Limit
of Range
Distillate Continuously Conductivity SI 0.065 epm
monitored Chloride CC 10 pmho/cm
automatically
As required® Chloride CH 0.07 epm
Feedwater Tank Daily on standby tank Chloride CH 0.10 epm
Hardness CH 0.10 epm
Feedwater Monitored Conductivity CC 8 nmho/cm
SI 0.05 epm
As required® Chloride CH 0.05 epm
Hardness CH 0.02 epm
Condensate/Drains Monitored Chloride CC 0.05 epm
Conductivity SI 8 ymho/cm
As required* Chloride CH 0.05 epm
Hardness CH 0.02 epm
Distiller Air Monitored Conductivity CC 10 pmho/cm
Ejector SI 0.065 epm
Drains As required* Chloride CH 0.05 epm
Deaerated Feedwater | Within 2 hours after Oxygen CH 5 ppb
light off and daily
thereafter
SI = Salinity Indicator CH = Chemical Test CC = Conductivity Indicator
* Sample and test as required for the daily indicator comparison test and to locate the source of contamination.

e At least once a month

Remember, these frequencies can change
according to circumstances and if any changes are
made to the PMS. The location where you will
usually take these samples is the jacket water
expansion tank. For additional information, you
should consult NSTM, chapter 233, “Diesel Engines.”

WASTE HEAT SYSTEM.— You must sample the
waste heat system of an FFG-class ship according to
the PMS. In addition, you must sample and test the
waste heat water for nitrite levels daily whenever the
waste heat system is used to operate the distilling
plant. You can obtain water samples from a
convenient location in the line upstream of the
supplemental electric heater. Now that we have
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discussed the basic sampling locations and
frequencies, let’s talk about the tests you will perform
on these samples.

TESTING

As stated in the sampling section, water products
rarely show visible signs of contamination. This is
why chemical testing of these products is so
important. All the test and treatment procedures we
will discuss can be found in the PMS, the EOSS, or
NSTM, chapter 220, volume 2, “Boiler
Water/Feedwater Test and Treatment,” and chapter
233, “Diesel Engines.” In the following paragraphs,
we will describe some of the testing procedures you
will use. We will discuss these



Table 2-2.—Waste Heat Boiler Control Limits

Alkalinity 0.05 to 0.25 epm
Phosphate 25 to 75 ppm
Conductivity 500 pmho/cm maximum
Chloride 1.0 epm maximum

procedures according to the type of water you will be
testing.

Boiler Water

The boiler water testing and treatment procedures
you will use are based on the coordinated phosphate
program. The Navy uses this program to prevent acid
corrosion, caustic corrosion, and scale formation in
boiler water. contains the Navy’s standard
boiler water control limits. If you study this table
carefully, you will see what compounds you will test
for and their acceptable concentration limits.

CHEMICALS.— The first thing you need to learn
about boiler water testing is the treatment chemicals
you will use and how these chemicals work to control
the contaminants you are monitoring. Trisodium
phosphate (TSP) and disodium phosphate (DSP) are
the chemicals you will use to treat the waste heat
tiller water. TSP provides alkalinity and some of the
phosphate. DSP provides additional phosphate while
contributing little to the alkalinity. Maintaining
alkaline boiler water prevents acid corrosion and
provides the necessary environment for the
phosphate to react with the scale formers. The
additional phosphate prevents the formation of free
caustic in the boiler water, an undesirable condition
that could lead to caustic corrosion. The propulsion
boilers measure the pH of the boiler water rather
than the alkalinity. The corresponding pH range is
about 9.7 to 10.4. The relationship of the waste heat
boiler water treatment to the coordinated phosphate

curve is shown in figure 2-11.

In the next few paragraphs, we will discuss some
of the highlights of the boiler water testing
procedures you will use. We will also warn you about
some of the mistakes that are commonly made during
the performance of these procedures.

PROCEDURES.— Accurate test results are
essential for an effective boiler water treatment
program. To get accurate test results, the most
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important thing you can do is to use the correct
procedures. In testing and treating boiler water, you
will use a different set of procedures for different
parts of the boiler water system. When testing for
chloride and conductivity, for example, you must use
the procedures for propulsion boilers. When testing
for alkalinity and phosphates, you must use the
procedures for auxiliary boilers. Both procedures are
explained in detail in NSTM, chapter 220, volume 2,
“Boiler Water/Feedwater Test and Treatment.” In
routine testing you will actually be shifting from one
procedure to the other. The reason for this is based on
the natural order in which you should perform the
testing. For a detailed description of all procedures,
we recommend you consult NSTM, chapter 220,
volume 2. At first this process maybe confusing, but
the more familiar you become with this NSTM
chapter, the easier these procedures will become. We
will explain the highlights of both tests in the
following paragraphs.

Boiler Water Conductivity Test.— Let’s go to
the propulsion boiler section for the boiler water
conductivity test. Because it is easy to perform and
does not require much time, this test should be done
first. (It should also be done first because the test
results can be affected by the absorption of CO..)

To perform this test, you will use the conductivity
meter, a dip-type conductivity cell (2.0 cell constant),
a thermometer, an 8-ounce square bottle, and
distilled water. As easy as this test procedure is,
there are still two important steps that are sometimes
overlooked: (1) You must move the cell up and down
in the bottle to remove trapped air bubbles, and (2)
you must move the cell up and down in the bottle
during the measuring phase until the movement no
longer affects the meter readings. Keeping the cell
clean is another important task that is sometimes
overlooked. The most common mistake, however, is
forgetting to change the distilled water in the cell
storage bottle on a daily basis. For accurate results,
you must make sure the distilled water in the storage
bottle containing the cell is changed daily.

Alkalinity and Phosphates Test.— A common
mistake in boiler water testing is the use of outdated
test chemicals. Before you perform the alkalinity and
phosphates test, you should check your test chemicals
to make certain they are still active. To do this, check
the dates on the containers to make certain the
chemicals are not outdated. You can avoid using
outdated chemicals by taking the following steps:

1. Do not overorder your test chemicals.
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Figure 2-11.—Coordinated phosphate curve (waste heat boilers).

2. Periodically check the dates of the chemicals
you have in stock.
3. Dispose of the outdated stock and rotate the

rest to get optimum use of the good stock.

Another precaution you should take is to test your
samples within a reasonable amount of time. Do not
allow your samples to sit for long periods of time
before you test them.

Chloride Test.— The chloride test will be the last
test you will perform. Although thistest is not
difficult to perform, you must take care to avoid two
things: (1) adding reagents too quickly during
titration and (2) attempting to test discolored water.
Adding the reagents too quickly will cause a high
chloride reading. Many of the color changes in this
test are very subtle. If you are not careful, you may
add too much reagent before you notice the color
change.

Now that the testing is complete, we need to know
how to interpret our results and develop a treatment
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plan. In the following paragraphs, we will discuss
how to control contamination under normal and
abnormal situations. We will also describe some key
symptoms and factors you must be able to interpret
so you can determine what type of contamination has
occurred.

CONTAMINATION CONTROL

To monitor your ship’s water for contaminants,
you must first be able to recognize the standards for
normal operating conditions for both the boiler water
and the feedwater systems. Next, you must be able to
recognize when contaminant levels start to exceed
normal control limits and threaten to become a
hazard to your ship’s engineering equipment and
systems. First, let’s talk about the contamination
control procedures you will use for boiler water.

Boiler Water

In monitoring and maintaining the quality of your
ship’s boiler water, you will follow routine procedures



for normal operating conditions. At times, however,
contamination levels will present hazards to engineering
equipment and systems. In these cases, you must use
special procedures to correct the problems. In the
following paragraphs, we will discuss the procedures
you will use for both normal and abnormal
contamination levels. First, let’s look at the normal
routines.

ROUTINE PROCEDURES.— Using the correct
routine chemical treatment procedures will help you
keep boiler water contamination levels under control.
During normal boiler operations and when a normal
depletion of treatment chemicals has occurred, you
should follow the steps in the logic chart shown in[figure

Study these steps and pay particular attention to
the options associated with each step.

For normal operations, you can generally provide
the recommended control limits by using two methods:
(1) the continuous chemical injection system and (2) the
batch chemical injection system. First, let’s talk about
the preferred method, the continuous chemical injection
system.

Continuous Chemical Injection System.— For
Navy ships, the continuous chemical injection system is
the preferred treatment method. You should check this
system to make sure it is operating properly. When the
system is operating properly and outside contamination
has not occurred, you should have very few cases
requiring batch chemical injections. Normally, the
continuous injection pump stroke setting is 60 percent
(1 gallon per hour of treatment chemical). This setting
can be changed if two consecutive samples show low
levels of alkalinity and phosphates. In this case, you can
increase the injection pump stroke in 10 percent
increments until the proper levels are maintained. If the
alkalinity and phosphates are continually over the upper
limit, then reduce the pump stroke in 10 percent
increments until proper levels are maintained.

Remember, the continuous injection system does
not operate automatically when the generator is started.
You must start the system within 30 minutes after the
generator is started and secure it as soon as the generator
is stopped. You must also monitor the tank level to make
sure the treatment solution is entering the boiler. Record
the tank level and the pump stroke in the boiler water
log within 30 minutes after start-up and at least every 8
hours thereafter. Refill the injection tank when the level
drops to between 10 and 20 gallons.

Batch Injection System.— In certain occasions, you
will need to use the batch injection system. You should
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use this system if the continuous injection system is
inoperative, if the system needs additional chemicals to
compensate for an improper pump stroke setting, or
during a casualty. The procedure for batch injecting
chemicals is described in the EOSS (WHBP). You must
strictly adhere to this procedure.

SPECIAL PROCEDURES.— You can control low
levels of seawater contamination by using the normal
dosage tables and blowdowns as long as you first
identify the source of contamination and correct it.
There are times, however, when contamination levels
may exceed the normal control limits. At these times,
you may need to use special treatment procedures.
While assigned to the oil lab, you must be able to
recognize the symptoms of excessive contamination and
the steps you need to take to correct them. Some of the
abnormal conditions you may face are excessive
seawater contamination, chemical hideout, and
chemical carryover. For some of these problems, you
must use special chemical treatment plans; for others,
you must use blowdowns. Before you start to treat a
problem, however, you must first identify the condition
or agent that caused it.

Seawater.— You can recognize serious seawater
contamination by the following symptoms:

® Alkalinity of 0.00 epm

® Chloride greater than 2.0 epm

This condition is serious. You should recognize these
symptoms and realize that this condition requires special
treatment. When serious contamination occurs, inject
only TSP according to the following formula:

CONSECO TSP = 60 x chloride

CE TSP = 30 x chloride

where: TSP = grams trisodium phosphate, dodeca-
hydrate chloride = tiller water chloride, epm

NOTE

Do not inject more than 500 grams (18
ounces) of TSP at one time.

Chemical hideout and carryover also contribute to
chemistry control problems. These two conditions, if not
properly handled, can also cause boiler damage.

Chemical Hideout.— The chemical hideout seen
in waste heat boilers is caused by concentration of
boiler water chemicals. The symptoms of chemical
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Figure 2-12.—Treatment logic chart for steaming waste heat boilers.

hideout are a decrease in all of the boiler water
parameters. These symptoms are usually associated
with an increase in generator load. When the load is
reduced, the chemical levels increase. Another
symptom is a large increase in the alkalinity or the
phosphate after the boiler is secured.

Do not mistake the symptoms of carryover for
hideout. If you suspect chemical hideout, secure the
boiler and allow it to cool. Recirculate the boiler
water for about 5 minutes and then obtain a boiler
water sample. If the chemical level more than
doubles, then hideout is confirmed.

Occasional incidents of hideout are normal when
the generator is operating at high load. Reducing the
generator load will stop the hideout. Do not continue
to batch inject treatment chemicals if hideout has
been confirmed. Maintain a minimum of at least
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0.025 epm alkalinity and 5 ppm phosphate. When the
boiler is secured, make sure it is drained and flushed
repeatedly until a sample of the flush water shows
the chemical levels to be within limits. Continual
hideout that occurs at all generator loads may be
caused by excessive waterside deposits. When this
happens, inspect the boiler watersides to see if there
is a need for chemical cleaning.

Chemical Carryover.— With waste heat boilers,
a certain amount of boiler water carryover is a
common occurrence. Waste heat boilers are supposed
to have less than 1 percent carryover. In reality,
however, many waste heat boilers have much higher
levels. When high levels of carryover treatment
chemicals and contaminants enter the steam
condensate system, deposits can form in the steam
lines, causing



deterioration of the piping. As long as only one boiler is
steaming, the effects of chemical carryover on the boiler
water chemistry will be minimal. This is because most
of chemicals leaving the boiler will be washed to the
feedwater tank and then returned to the boiler. In this
case, it will be easy for you to recognize excessive
carryover by the entries in the boiler water logs. When
two boilers are steaming, however, an increase in the
chemical levels can occur in one boiler while a loss of
chemicals can occur in the other. This is an indication of
carryover. The problem is complicated by the fact that
each of the boilers may carry over at different rates.
When a different set of boilers is steaming, the boiler
that was losing chemicals may start gaining them.
Excessive carryover will cause the salinity/conductivity
indicators to read higher than normal for the chemical
chloride test. Another sign of carryover is any detection
of alkalinity in the condensate or feedwater (feedwater
sample pink to phenolphthalein).

You will need to use specific treatment procedures
designed to compensate for chemical carryover. The
batch dosage will not increase the alkalinity or the
phosphate to the upper limits to allow for some increase
in the chemicals. The low treatment levels reduce the
amount of chemicals that leave a boiler having excessive
carryover. When you discover that one boiler carries
over more than another, secure the continuous treatment
system to the boiler that is collecting the chemicals.
Adjust the continuous treatment to the boiler that is
carrying over to maintain the chemical levels as low as
possible. Excessive carryover may cause the indicator
alarms to activate. If this happens, just bypass the alarm.
When contamination occurs, the boiler water chloride
will carry over and cause high chloride test results in the
feedwater. To reduce the contamination, it is more
effective to blow down the boiler than to dump the
feedwater. If the carryover is so severe that it is
impossible to maintain the water chemistry, a problem
with the steam separator may be indicated.

Slowdowns.—  Once you have identified
contaminants and additional chemicals in boiler water,
how do you remove them? To remove the contaminates
and excess chemicals, you must blow down the boiler.
You must use either a separator blowdown for
CONSECO boilers or a surface blowdown for
combustion engineering (CE) boilers. You must use
either a separator or surface blowdown any time your
test results indicate the need. You must also perform
periodic bottom blowdowns to control sludge buildup.
You do these weekly, or as needed, to make sure the time
between blowdowns does not exceed 168 steaming
hours. You must perform a bottom blowdown daily if
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the boiler water sample contains sediment. In this case,
the time between blowdowns should not exceed 24
hours. You will not have to secure a waste heat boiler
before you perform a bottom blowdown.

If you follow the procedures for separator or surface
blowdowns, you can reduce the alkalinity, phosphate,
conductivity, and chloride of a steaming boiler by about
10 percent. If you need more than a 10 percent reduction,
repeat the blowdown cycles as necessary. Wait 1 minute
between blowdown cycles to allow the water to
circulate.

CAUTION

Do not blow down a steaming boiler more
than 50 percent at one time. This time period
equates to five 3-inch blowdowns on the
CONSECO or 5 minutes on the CE. If you
overlook these precautions, an excessive
chemical loss occurs. Sample and test as
needed, and base further actions on the test
results.

You are required to record the percentage of
blowdown on a steaming boiler in the boiler water
treatment log. To determine the percentage of
blowdown, use the following formula:

% blowdown = (CB — Ca)
Cs
where: Cp = Conductivity before blowdown
Ca = Conductivity after blowdown

Remember, the conductivity is proportional to the
concentration of all of the dissolved solids present in the
boiler water from treatment chemicals and
contaminants. The conductivity will remain within
limits as long as the other test results are within the
proper ranges.

The chloride level will provide you with an
overview of the level of contamination entering the
boiler. You can maintain an acceptable chloride level of
less than 1.0 epm by maintaining good distillate quality
and correcting any in-leakage of seawater or potable
water.

Now that we have discussed the testing and
treatment of boiler water, let’s talk about where the
boiler water comes from—the feedwater.



Feedwater

Feedwater is extremely important to the overall
operation of the steam plant. After all, the feed tank is
where the water that supplies the boilers comes from and
where the water will return after it is condensed. This is
why the quality of your ship’s feedwater is so important.
The quality of feedwater can ultimately affect the
efficiency of your ship’s engineering equipment and
systems.

In a properly operating waste heat boiler system, the
distillate (evaporator supply) contains the highest level
of contaminants. Therefore, the makeup feedwater rate
will determine the contaminate level that will enter the
boiler. High makeup rates will cause the boiler water
chloride and conductivity to increase. This condition
will lead to higher use of treatment chemicals. Both
conditions will cause greater sludge formations and an
increase in the deposits on the watersides. To keep the
makeup rate at a minimum, make sure all system leaks
are corrected. In a properly maintained system, the
makeup feedwater rate should be less than 900 gallons
per day.

CONTAMINANTS.— There are four primary
feedwater contaminants you will need to monitor: (1)
seawater, (2) shore water, (3) oil, and (4) dissolved
oxygen. In the following paragraphs, we will briefly
discuss the origin, detection methods, effects, and
corrective actions in regard to these contaminants.

Seawater.— Seawater is the most common
contaminant found in marine boiler water/feedwater
systems. The most routine source of intermittent
seawater contamination in feedwater is the distillers,
especially during start-up of the distillers.
Contamination from the distiller air ejector drains can
ultimately cause a rapid and large increase in boiler
water chloride. The source of this contamination, of
course, is from concentrated seawater, more commonly
called brine.

Another source of seawater contamination in
feedwater that will ultimately cause an increase in boiler
water chloride are leaks in the condensate system. Small
condenser leaks can cause a continual, low level
increase in boiler water chloride. Tube leaks in a
condensate cooler or control condenser can cause
varying levels of contamination, depending on the
amount of leak-by. The most common methods of
detection you can use are the salinity/conductivity
indicators or the chemical chloride test. You should
readily notice the effects of condensate system leaks on
the boiler water chemistry. There will be a noticeable
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decrease in alkalinity and phosphate and usually a
somewhat large increase in conductivity and chloride.

You must locate, isolate, and correct the source of
the contamination. You must continue to monitor
(sample and test) the water, add chemicals, and blow
down as needed to maintain these contaminants within
their specified control limits. To remove high levels of
contamination, however, the most effective method you
can use is to secure, cool, dump, and flush the system.

Shore Water.— The second most common
contaminant is shore water. Shore water contamination
originates from a potable water supply from shore.
Shore water can enter the feedwater system through a
leaking steam coil in a hot water heater or by the use of
contaminated shore source feedwater or steam.

You can detect contaminated shore water by
monitoring the condensate cooler salinity indicator or
by performing a feedwater hardness test. By reviewing
the logs, you should also notice an effect on water
chemistry, as indicated by a decrease in phosphate and
increase in alkalinity. In most cases, you will also see an
increase in conductivity and chloride. The corrective
actions you should take are the same ones you should
take for seawater contamination.

Oil.— The third major contaminate is oil. Steam, as
well as feedwater, can become contaminated by oil if a
leak develops in either a fuel oil or lube oil heater. Oil
contamination can be indicated in the feedwater or
boiler water sight glass, in feedwater or boiler water
samples, or by oily condensate in the inspection tank.
The effect oil contamination can have on boiler water
chemistry is that it can induce carryover with no effect
on alkalinity, phosphate, conductivity, or chloride. The
corrective actions you should take are to find, isolate,
and correct the source of the contamination. Surface
blow the CE boiler to remove the contamination. If the
boiler is steaming, treat the water as needed to keep the
alkalinity and phosphate levels within the limits. You
may have to secure, dump, and flush the boiler water to
remove the oil contamination. If contamination levels
are severe, clean the boiler with an alkaline boilout
according to the procedures in NSTM, chapter 221,
“Boilers.”

Dissolved Oxygen.— The last contaminant we will
discuss is dissolved oxygen. Dissolved oxygen in the
feedwater as it enters the boiler will cause corrosion of
the nonstainless-steel coils.

On the CE boilers and on some of the CONSECO
boilers, a DFT is installed to reduce the oxygen level and
minimize the corrosion rate. A DFT is not required on a



boiler that has stainless-steel coils. You will need to
check the DFT to make sure it is working properly. You
will use the feedwater dissolved oxygen test to detect a
malfunctioning DFT. In the case of a malfunctioning
DFT, you must find the cause of the malfunction and
have it corrected immediately. Dissolved oxygen
contamination can often be traced to the following
mechanical failures:

1. Improper operation of the DFT spray valves or

steam atomizing valve
Inadequate venting of the DFT

Excessive water level in the DFT, flooding the
steam atomizing valve

A fluctuating steam supply pressure as a result
of a malfunction of the steam control valve

CONTROL METHODS.— For a brief review of the
methods you should use for feedwater contamination
control, look again at the chart in[table 2-1] Again, notice
that some of the test frequencies say “as required.” All
of these areas are monitored by an individual
salinity/conductivity indicator. The test frequency will
be based on the chemical test comparison results.

To perform salinity indicator comparison tests
correctly, there are two things you must keep in mind:

1. Do not perform a comparison test on a feedwater
tank sample within 1 hour of adding distillate to
the feed tank.

Do not perform comparison tests within 1 hour
after starting or securing a waste heat boils.
During start-up and securing, the water level in
the steam drum/separator will increase and
boiler water will overflow into the
steam/condensate system. This contamination
will cause the indicators to read higher than the
chemical chloride test.

Jacket Water

You must test the jacket water system for nitrite and
chloride concentration levels. For proper protection of
the jacket water cooling system, you should maintain the
nitrite (NO,) concentration level at a minimum of 1,000
ppm and the chloride level below 100 ppm. If the nitrite
level is below 1,000 ppm, the Nalcool 2000 will not
provide adequate corrosion protection. Chloride levels
above 100 ppm indicate that seawater has leaked into
the coding system. Another characteristic you should
know about seawater is that it contains “hardness.” The
hardness in seawater will cause scale formation on hot
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metal surfaces in which the temperature is 130°F
(54.4°C) or above. In dealing with these characteristics,
let’s first briefly describe the test for chloride.

CHLORIDE TEST.— To perform the chloride test,
you should add two dippers of cupric sulfate to a 10 mL
sample of Nalcool 2000 treated coolant. Allow it to stand
until the sample is filtered. Then, immerse the end of a
quantab chloride test strip in the sample. After an
exposure period, remove the quantab and read the scale.
Use the conversion chart included in the quantab test
strip bottle to convert the scale reading to ppm chloride.

NITRITE TEST.— For the nitrite test, take 1 mL of
Nalcool treated coolant and dilute it with 100 mL of
distilled water. Dip a nitrite test strip into the diluted
sample. After a brief development time, compare the
color on the stick with the color chart on the side of the
test stick container to determine the nitrite content.

When chloride and nitrite tests are performed, there
are some important steps that are frequently overlooked.
You can avoid these mistakes by taking the following
precautions:

1. Always check the expiration date on the quantab
and nitrite test stick bottles. Do not use the test
sticks if the date has expired.

Do not try to use another quantab conversion
chart if the one for the bottle you are using is
missing. Because the quantabs are produced in
batches, the conversion chart with each quantab
bottle is specifically for use with the quantabs in
that bottle.

Always keep the quantab and nitrite test stick
bottles tightly closed when they are stored.

Never immerse the entire quantab test strip
beneath the level of the solution you are testing;
otherwise, the test will give you a false low
result.

By taking these precautions and preforming the tests
correctly, you can obtain reliable test results that will
help you monitor and maintain the jacket water system.

Waste Heat Water

The nitrite test is the only test you will need for the
waste heat water system. To perform this test, dip a
nitrite test stick directly into a sample of waste heat
water. After a brief development time, compare the color
on the stick to the color chart on the container to
determine the nitrite concentration level. Ideally, the
nitrite concentration should he zero. From time to time,
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Figure 2-13.—Suggested fuel management log.

however, leaks can develop in the waste heat
exchanger and jacket water will enter the waste heat
water system. If a leak develops, you must have it
repaired as soon as possible. The nitrite concentration
level must not exceed 25 ppm for any reason. There is
a good reason for this concern. Both nitrites and
berates are poisonous. Both of these toxins could
enter the ship’s potable water system through the
heat exchangers of the distillers.

To summarize, we have discussed the basic
procedures you should use to sample, test, and
analyze the quality of the fuels, oils, and water
supplies received, stored, and prepared for use aboard
your ship. In the next section, we will tell you about
some of the responsibilities you will have for
documenting the quality of these important supplies.

LOGS AND RECORDS

The logs and records you will maintain in the oil
lab are apart of the Navy’s record system. This
system will help you improve your record keeping
through standardization, automation, speed, and
efficiency.

Accurate, legible, and up-to-date logs and records
plus the timely submission of accurate and legible
reports reflect efficient administration of the oil
laboratory. Remember, the logs and records
maintained by the oil laboratory provide the data for
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engineering reports to higher authority. Reviewing
the logs, records, and reports will allow the engineer
officer an easy and effective method of keeping
informed of the state of the equipment in the
department.

Proper administration of the oil laboratory logs,
records, and reports system requires the regular and
conscientious attention of all oil lab personnel. The
person filling out the log or record must have
knowledge of both the material recorded or reported
and the correct method of documentation. Your
engineer officer has a record reference file containing
complete information on the methods of maintaining
these important records.

FUEL OIL TEST LOGS

Stringent fuel quality requirements protect gas
turbine engines from serious damage, such as
corrosion of the gas turbine hot section, fouling of
engine controls, and plugging of fuel nozzles.
Maintaining a fuel oil (FO) test log system helps the
engineering  department to  achieve  these
requirements.

Fuel Management Log
An example of a fuel management log is shown in

This log is a locally prepared document
that



includes spaces for recording the results of all shipboard
fuel tests. Whenever test results exceed maximum
control limits, the entries should include notations that
corrective actions have been taken.

The fuel management log should include the
following important categories:

1. A sequential listing of sample analyses, in-
cluding:

a. visual inspections,

b. shipboard analyses, and

c. laboratory analyses.

An operational procedures check-off list
Centrifugal purifier cleaning actions

Prefilter and filter/separator replacement actions

v w

Tank inspections and findings

The information in the fuel management log serves
as an important part of shipboard maintenance. It aids
in the prevention of delivery of contaminated fuel to the
gas turbine engines.

JP-5 Fuel Sample Log

Since most gas turbine ships can support
helicopters, an aviation fuel (JP-5) system is installed.
As we mentioned earlier, fuel quality requirements are
more critical and extensive for JP-5 fuel than for other
fuels. Minute amounts of dirt and water in the fuel can
cause engine failures. To monitor for these conditions,
the oil lab should maintain a fuel sample log. This log
must include a sequential listing of samples submitted
for testing and the results of the tests as they are reported
by the testing laboratory. The oil lab should include the
following information in the JP-5 sample log:

¢ Identification of the ship submitting the sample

(name and hull number)

Type of fuel

Date the sample is drawn

Name of the person drawing the sample

Fueling station number or filter/separator
sampled

Heading: Aviation Fuel Sample — Sediment and
Flash Point
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The oil 1lab will use the fuel sample log in a continuing
shipboard QA program to document the ship’s QA
efforts.

LUBE OIL TEST LOGS

Because of the importance of good quality
lubricating oil, the Lube Oil Management Program was
developed. The guidelines for this program are
presented in the form of an instruction. Although this
instruction may vary somewhat in the procedures it
includes, the goals are the same. To accomplish these
goals, gas turbine ships must maintain lubricating oil
(LO) logs.

Samples of lubricating oil should be taken at
definite intervals to determine whether the oil meets all
requirements. The results of the samples must be entered
in the proper log as specified in the Lube Oil
Management Program.

Naval Oil Analysis Program Logs

The Naval Oil Analysis Program (NOAP) was
developed for off-ship analysis. Under the computerized
NOAP, special oil sampling techniques, sample
equipment, sample markings, and shipping instructions
are prescribed for shipboard machinery systems
assigned to this program. All NOAP oil samples must
be handled exactly as prescribed in the existing NOAP
directives. These directives can be found in your current
type commander’s instructions.

Diesel Oil Log

For each shipboard diesel engine, the viscosity and
reaction (acidity) test results must be recorded in the
diesel engine oil test log, such as the one shown in[figurel
The oil lab must maintain a separate oil test log for
each shipboard diesel engine.

WATER TREATMENT LOGS

The importance of maintaining accurate boiler
water and feedwater chemistry logs and records must
not be underestimated. The engineer officer and his or
her assistants use the data reflected in these logs to
measure the performance, stability, efficiency, and state
of material readiness of the engineering plant.
Remember, the decision-making process involved in an
effective water chemistry program aboard your ship will
be supported by the information in these logs.



DIESE!L ENGINE LUBE OIL TESTING LOG

MONTH JUNE 1932

ENGINE NO.
1 2 3 4 s ! 6 2 7
DATE TIME ROD A USED % % REACTION
READING OlL ROD THICKENING FUEL (ACIDITY
READING DILUTION TEST)
/i iois | a8 160 —_ 4)% | SAT

thickening).

6 (% fuel ditution).

. If column 3 reading is 100, subtract 100 fram column 4 reading and cater result in column 5 (% oil

2. If columa 4 reading is 100, calculate the percent of fuel ditution present from Chart A and enter in column

CHART A 3
ROD A READING* FUEL DILUTION
90% 1%
5% 3%
65% 5%
*Rod A readings that [all between these values shall be adjusted to the ncarest value in the table. Any rod
A reading below 65% is automatically cause for oil replacement.

neer Officer for resoluiion.

3. If the lube oil sample exceeds the condemning limits of table 233.4, the engine lube oil is to be resampled
and tested two additional times. If it still exceeds the limits, the condition is 10 be reported to the Engi-

Figure 2-14.—Diesel Engine Lube Oil Testing Log.

The engineering department of your ship will need
both the engineer officer and the commanding officer,
specific data to maintain the proper water conditions
in the waste heat steam plant. The three logs you will
use to record and maintain these data are:

1. Cover Sheet and Monthly Boiler Data Log

2. Feedwater Chemistry Worksheet/Log

3. Waste Heat Boiler Water Chemistry
Worksheet/Log

4. Reserve/Makeup Feedwater Tests Log

5. Fuel and Water Report

6. Boiler Water/Feedwater Test and Treatment

Chemical Inventory Log

To be an effective engineer, you should be familiar
with the purpose, content, and general procedures for
each of these logs. Let’s take a brief look at each of
them.

Cover Sheet and Monthly Boiler Data Log

You must prepare a cover sheet and Monthly
Boiler Data log sheet, such as the one shown in [figuré

[2-15] Notice in view A that the log contains the
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signatures of verifying they have reviewed the
package. On the reverse side of the cover sheet (view
B) are the proper data entries for the boiler. These
entries include information such as total steaming
hours, safety valve settings, and water chemistry
standards.

Feedwater Chemistry Worksheet/Log

The Feedwater Chemistry Worksheet/Log contains
the daily chemical condition of the waste heat boiler
feedwater system. The information you will record in
this log includes the results of chemical tests, salinity
indicator comparisons, shore steam and shore
feedwater chemical test data, and remarks.

A sample of the Feedwater Chemistry
Worksheet/Log is shown in Notice that
the data entries are made on the front side (view A)
and the section for remarks is on the reverse side
(view B).

You must start a Feedwater Chemistry
Worksheet/Log daily for each feedwater and
condensate system in operation. A daily log is not
needed, however, for a system that is not in
operation. In this case, just use
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FEEDWATER CHEMISTRY WORKSHEET/LOG
NAVSEA 9255/4 (8~B8)YFRONT)

P oNE sip_USS_ 6. TuRBivE (DD-999) OATE [0 7TAYG) pace 10/

CHEMICAL TESTS AND SALNITY/CONDUCTIVITY INDICATOR COMPARISON FEEDWATER TESTS
(REQUIRED DALY)  NOTE: uMHO/145~EPM YR
CHLORIDE | INDICATOR | cOM~ | _HARDNESS READING CHLORIDE | HARDNESS
[mL MERCURIC} READING |PARISONImL EDTAX0.Z=] L WERCURIC .2=] O
nME | INDICATOR  |NMRATE.- £Pu i T™E LocATon  [MMHO/CH | RS e i | Toran0-2% ing
LOCATION | o, FEM e a1} epu SAT/ | HARONESS |pamiaL i EPM HARDNESS |MTAL
mL [ €PM UNSAT T &P mi_| EPW | mi | EPW
D15 lewll Lonn 20/ Ol Patl oL
O30 [CoND ¢ 1k .0 OLISAT
032 oD LK LT 205 VWSAT] 02
DEAERATED FEED WATER
OISSOLVED MORPHOLINE
. XYCEN  [Dff RANGE: | ROTAMETER | TARK LEVEL
THE Looe S re | 88-n0 | setmnc | (cAlLows)
A. FRONT
FEEDWATER CHEMISTRY WORKSHEET/LOG
NAVSEA 9255/4 (8-88)(BACK) pace /02
TNE REMARKS:

032 | Compprisory JEST i SHT . S INITY REAPING 1S GREATER _THAN
ChHEMAC _Chioriwe ToST SV MuBE THAN _Q-02 £PN .

WATER TESTED [(0R HARDNESS . TEST /S 02 EPm, [JATER

JS_SAT FoR USE | SALINITY INPICATOR untl Be CHECKED

FOR M AL LUNCTION

SR R REQUIREMENTS ALIMITS Y Conpc [HAREss
DISSOLVED OXYGEN TESTING MORPHOUINE TREATED SYSTEM Y EPM
OLVED, DIREN "TES (MAXIMUM) SAUNITY [CHEMICAL | o /on
PFB  PRIOR TO FEEDING THE AOL 50 TO 90 MINUTES HOCATOR | TEST
BOILER AFTER ON LINE DISTILLATE 0.065 | 0.07 10, =
| AOL WITHIN 3 HOURS AFTER RTE  CARRIERS EVERY 4 HOURS MAKEUp | OEMINERAUZED = h K =
BOILER ON UNE OTHERS EVERY 12 HOURS NONDEMINERAUZED __| 0.10 0.10 15, 0,10
RTE  WITHIN 24 HOURT CONDENSATE, | MORPHOUNE TREATED | 0.04 0.02 : 0.02
ORAINS & OFT | MTHOUY MORPHOLINE | 0.02 0.02 X 0.02
DISTILLER_ AR _EJECTOR_DRAINS .065 | 0.0: | 10. -
1LCPO MPA REVIEWED: DATE
INIT, DATE NIT, DATE (ENGINEER OFFICER) .
AA Whm 21t L//Wm W7 _Door 1/ Mppr592)

B. BACK

Figure 2-16.—Feedwater Chemistry Worksheet/Log.
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WASTE HEAT BOILER WATER CHEMISTRY WORKSHEET/LOG

NAVSEA 9255/7 (u-aa)(m,our)

BOILER NO. swp USS G TURBINE (PD-99%oae Y LDEC 92 pace 7O
AUKAUNITY RANGE: TE RANGE: CONDU 3 x
0.05-0.25 EPM mg:ﬁ:;\u P:'l‘l 500 c: mg/’é:" ”?2%5“'"
o, £
me | e [ | e, |
m - - - ' -
PHENOL— m'iﬁa u:"‘r‘t’h "'5’533 T(t-g °°{'3‘r’$ Mm'ghmc EPM
PHTHALEIN |ALXAUMITY | PURPLE PHOSPHATE HMHO/CM NITRATE CHLORIDE
os8rls | FFT
0920 | LoF
0240 |rRoL 0.9 lg.2251 2.3 [ 25 | 257 200 0.5 | 0.2 JK | _AA
(645 | RTE Q.8 _l0.2 2.4 55 25° 1| 205 Q.7 1028 [ MK | Lo
2000 | PTS 0.8 102 2.4 | &5 25° | 205 o.7 10327 | BC [ FN
2014 |Sec
BATCH CHEMICAL TREATMENT CONTINUOUS CHEMICAL TREATMENT B
TP | cumrent
i T covees i T SIS | e S A e | o | e [ e[S Z,
(GRAMS) |pHOSPHATE (GRAMS) 7% | cAL [RAG){GRANS) BEFORE | AFTER | oOwN
Py <l 30 = = = 22 1[0938léo ]l S0 30100
]
TOTAL TSP INJECTED TOTAL DSP INJECTED ] me. PERCENT BLOWDOWN
A. FRONT
WASTE HEAT BOILER WATER CHEMISTRY WORKSHEET/LOG
NAVSEA 9258/7 (8--88)(BACK) PAGE .L
T _rowmc
STEAMING HOURS
STEARNG | UNDER CONTAMINATION
MOOERATE | souous
HOURS STEAMED -
LEGEND,/TEST COOE TS Mor JAdgs. 7| 3057\ 22 5
HOURS STEAMED 16.5 _ e
ACL  WIHN 30 M. AFTER LGHT oFF ory u::n& m’:"" = ki
ADD  BATCH CHEMICAL INJECTION DES  DESICCANT THS LONTH j22:7.6 30571225
ACA xmwuu.wrgmmm HTD HEATED AR HOURS SINGE LAST
o S0 60 Mk TR GO WET LAYUP WATERSIOE INSPECTION /[24%5.3
FFY Y FLLED AND TED ST STEAM (3HiP) HOURS SINCE LAST
g G a6 (s o mLlte  IREASHL 1,295 .3
sec TOR SECUI OFT  HOT DFW L HOURS SINCE LAST
O BOLER €0 HYD  HYDRADING BOTTOM BLOWDOWN 38. !
O™H  OTHER S SLONM MTRITE
PTS  WTMIN 90 MN. PRIOR TO SECURING HOURS ORY o
PR PRIOR TO LGHT OFF BLOWOOWNS OPERATION TODAY
S SURFACE, Tor
e /466
MPA REVEWED: DATE
MY | DATE T, DATE (ENCINEER OFFICER) -
A hoﬁm & [zogfa W.T. DOOR 37 DEC G2,

B.

BACK

Figure 2-17.—Waste Heat Boiler Water Chemistry Worksheet/Log.

2-38




the front of a single log sheet to record the dates that

testing was not needed. You should also include a
remark stating why testing was not necessary.

Waste Heat Boiler Water Chemistry
Worksheet/Log

The Waste Heat Boiler Water Chemistry
Worksheet/Log is started daily and should contain any
significant event or action that took place in regard to
the waste heat boilers.

A sample of a Waste Heat Boiler Water Chemistry
Worksheet/Log is shown i Notice in views
A and B that both the front and back sides of this log
contain sections for data on chemical test results, chemical
treatments, blowdowns, steaming hours, and remarks.

Reserve/Makeup Feedwater
Tests Log

A sample of the Reserve/Makeup Feedwater Tests
Log is shown in[figure 2-18] The front and back of this
log, displayed in views A and B, contain sections for
chemical test results for salinity indicator
comparisons and shore source feedwater (steam
condensate or processed feedwater) quality. This log
is normally prepared daily unless all of the feedwater
tanks are empty. If all of the tanks are empty and no
testing is required, enter the inclusive dates on the
front of the log and give the reason in the remarks
section.

Fuel and Water Report

The Fuel and Water Report, shown in[figurel
is a daily report of the fuel and water status
the oil lab must prepare to reflect these conditions
at 0000 hours. The commanding officer receives
this report daily. The report contains data, such as
total fuel and lube oil on board and the amount of
potable water and reserve feedwater on board. The
Fuel and Water Report also includes the previous
day’s feedwater and potable water consumption
figures and the results of the water tests. The
officer of the deck (OOD) receives the original
copy in time for submission to the commanding
officer or command duty officer with the 12
o’clock reports. The OOD retains the copy.

Boiler Water/Feedwater Test and Treatment
Chemical Inventory Log

The Boiler Water/Feedwater Test and
Treatment Chemical Inventory Log shown in[figurel
[2-20 provides a record and monthly inventory of
test and treatment chemicals. As shown in views A
and B of the log, each standard, treatment
chemical, and stock chemical must be accounted
for monthly. This log, when properly maintained,
is a valuable asset the oil lab can use to keep the
test and treatment chemical stocks properly rotated
and as fresh as possible.

Jacket Water Log

An example of a Diesel Engine Jacket Cooling
Water System/Treatment Log is shown i
As shown in views A and B, you will use both the front
and the back to record data.

This is a monthly log, consisting of the following
sections:

1. Chemical Test Results: You must maintain this
section on a 2400-hour clock basis. You should enter the
date and time for the following actions:

a. Completion of jacket water sampling

b. Completion of draining a portion of jacket
water

c. Completion of dumping the entire jacket
water system

d. Completion of freshly filling
e. Completion of water additions

Make sure you use the appropriate codes listed on the
back of the log for all entries. Both the tester and the
EOOW/EDO must enter their initials when the tests are
completed.

2. Chemical Treatment: Make appropriate entries
for the following information:

a. Amount of Nalcool 2000 required

b. Date and time of completion of the chemical
addition

Circle all out-of-limits readings. Make sure the person
who performed the chemical treatment calculations has
initialed the results.

3. Remarks: This section should describe
significant events related to the jacket cooling water
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RESERVE /MAKEUP FEEDWATER TESTS LOG
(FILL IN APPLICABLE COLUMNS)

NAVSEA 9255/10 (B-BB)(FRONT)

sw__ LSS G TURBYE (P -997) oame L0 MAry3
saunTY | |conoucnvry| CILOMIDE MARDNESS OEMINERAUZER
INDICATOR, INDICATOR, 3 " s conpucnvry o,
TANK NO. wE | coor 7 pmitos /o | | LMITE010 EPM MAX | LIMITQ.10 €U MAX et | ounET KING
Ua; Gt urRgoG ™ F 0= mL [mL x 0.2~ MAX MAX HTAL
0.10 £ru | [13 phnio/ou | | mare | I°M £0TA £ 13 uMH0,/0 [1.0 a0 /o
5-220-; |#5ad| 0ny Y| ay -1 74N 1 lex
5-300-1 {6814 | DAY -2 L g 2. oK
5-230-1 11695 | PPS -2 L wio
5-2720-111658|A0S ¢ wo
Sm220- 3095 1A0s ) D/ ck
s-220- 1235514087 A oK
LEGEND /TEST COOE
DAY ONLY l A0S AFTER ON SUCTION | PPS PRIOR TO PLACNG OM SUCTION I o™ OTHER
A. FRONT
RESERVE/MAKEUP FEEDWATER TESTS LOG
NAVSEA 9255/10 (B-88)(BACK)
TIME REMARKS:
SHORE SOURCE FEEDWATER
CHEMICAL TEST DATA
CONSTITUENT STEAM_CONDENSATE PROCESSED FEEDWATER
OR PROPERTY | suppuen | suip [ supPUER__] HIP
]
RANGE 8.0-9.3 > 54 NOT REQ, 5482
M,
EPM_UMIT 0,10 6,40 NOT _REQ, 0.10
NI LePO  ourE l T WPA T pate CONDUCTIVTY
V4 Lumayael DA 1 iipaysy| Lo ar 35 <@ |35 <%
REVEWED OATE SHCh
(EXGNEER OFFIGER) | PM_LIMIT 0.2 0.2 0.2 0.2
W St ge Acnvry
Zal

B. BACK
Figure 2-18.—Reserve/Makeup Feedwater Tests Log.
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MAVERA 124878 (1=47) (FRONT)
(PORMEALY MAVSLA $810/1)

FUEL AND WATER REPORT

oare 1S MAL 12

Tox CoMBUsONG O FICER, UBe Q. TurB INE (31)“1‘H)
sroadst hes
T onw Al o e e roTeat T
O HARD IAST ACFORY 294, &0 /, oo 9,506 | 750
Mo o ) o o
olTRLID W
carescer 0 2O, A0 Ao o 6,00 | b
Savmnonr + 150 o & [ &
R Pt 203 950 120n| © | qre0 | 720
ot 9% 70 8z | 9=
roTANE WATEN NECORD FEEDWATIN SO oo

poaearoy e rrion iTarduRG o heperyili (QALOnd $ER HOuR0

243 e ZF IFS5F
P

W STEIPPED 208 GALS Frremt TP-S Senuece T&

& TR e

/50 GALS 50(—(4400&; Toawwks  Dukeais feaoy

S EAs

Figure 2-19.—Fuel and Water Report.

system of that particular diesel engine. You may need
to insert additional pages for remarks. Make sure all
remarks are accompanied by the date and time. If you
have a doubt whether or not you should make a
certain entry, go ahead and enter it. You should
record the following types of information:

The reasons for out-of-limits conditions and the

a.
actions taken to correct the problem

b. The source of water used for filling or topping off
the cooling system

c. The reason for partially draining or dumping a

cooling system
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The LCPO/MPA must review and initial this log.
The log must then be reviewed and signed by the
engineer officer.

Waste Heat Water Log

This locally prepared log is recommended, but it is
not required by NAVSEA. Remember, although a log
is not required by NAVSEA, your ship or type
commander may have different requirements. Even if
you do not use a log, the test results must still be
entered in the engineering log.



BOILER WATER/FEEDWATER TEST AND TREATMENT CHEMICAL INVENTORY LOG

NAVSEA 833318 -41)¢FNCHT)

Slp, Duie, Page,
Crey wlih Soss than Qty with 6 moatia roqutred Swiidax
ltem NSN 6 moahe hedl Kic o€ ;moce sl Soc § mooth caboend SOckT
reruaialng Ulfe remainl Scploy Yamo

andan

Chloride (20 epm) .9G-6810-01-129-3762

Cooductivity (1,400 pmboim) 9C 6810-00-943-7632

Hardness (02 ¢pm) 9G 6810-01.125-523¢

Metayl parple abalinity (60 ecpm) 9G 6510-62-259-2M

pH 00 = 00520 25°C 9G 6810-01. 397562

pH 1000 = Q.05 3t 25°C 9G 6810-01- 097563

Traataent
- Caustic sodz (lye, sodium hydroxid:) 9Q 6310-00-270-8177

Disodivm phosphate anhydrous (sodiam 9G 6810-00-544258"

phaxphate, didasic, 0-5-639)

l[ydn'lne. 1% 1H 6310 01.304.5373

loa cxchaspe rasin 1t 6310010294217

Morpboline, 40% 9G 6300419429

Nitropen (chelant treatment) 9G 680006561596

Sodium Nitrite - 9G 6310 00-220-3254

Trisodivm EDTA, wibydiate 111 6310-01-312-40%5

Trisodiur pluaphaic dosocuhydrate (; 9G 6510 01-082:5415

phosphate, tribasic, Soducahpdnate, O-S-642,

Type 1Y)

A. FRONT

BOILER WATER/FEEDWATER TEST AND TREATMENT CHEMICAL INVENTORY LOG

NAVSEA S235M14 @B-01)BACG

Ship, .Dae Page,
- Qy with fexx than Qcy with § pwoaths Qty roquired Satfcient
Teon SN 6 mcoths shelf e O wore shalf $o¢ 6 mowth, ombosd stock?
‘ reoedoing Ute racaixiag deploy Yeutio
Siock Dhernlaaly
Amino acd scagest pitlows 9G 6810-01-167-1T70
Ampoutes, 540 ppb exypea 9L 6630-01-068-5210
Ampouict, hydaazine . 111 6810-01.312-4078
Chioride indicator aapsules 9G 6810-00-753490T71
Cliric acid 1eagent pitlews 9G 631001-163-6568
Dimetbylghaxdme oG 6810-01.062.5434)
Hardaest buffer 5G 6510-01-072.1977
Hardacss Indicator 5G 6810-01-072-1979
Hazdness titratiog sofution 9G (810010721978
bopropyl aloohal (soptopanot, 2-propasol) 9G 6810-00-227-0410
Maavric pitrie 9G 6810-00-2514163
Metbyl purple fndicator capsules 9G 6810-00-142.9200°
| Mitric acia 9G 6810-00-70-9778
Pheadiphtialcia indicator 9G 6%10-00.-223. 2612
Foussium chloride crystals S 6810-00-136-1004
Sitica-1 reageat §G 6810-01-163-1773
mrr.m?mms INTT., “pate | REVIEWED: DaTE:
(ENGINEER OFFICER)
B.BACK

Figure 2-20.—Boiler Water/Feedwater Test and Treatment Inventory Log.
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DICSEL ENGINE JACKET COOLING WATER SYSTEM DICSEL ENGINE JACKEY COOLING WATER SYSTEM
HALCOOL 2000 TREATHENT LOG _ HALCOOL 2000 TREATMENT LOG PAGE
OATE | TIME | REMARKS:
ENGINE NO. SHIP, HONTH, J9__
CHEMICAL TEST RESULTS
DATE | TIME | CODE CHLORTDE IRITIALS
NITRITE tester /
DIVISIONS PPH CHLORIDE minimum /
ON {from chart) requireds: / £o0%
QUANTAR 1imit: 100 pom 1090 ppm
CHEMICAL TREATHENT
NALCOOL 2000 DATE | TIME | INITIALS
GALLONS cooes
FF FRESHLY FILLED AWA  AFTER WAYER A0DITION
ACA  AFTER CHEMICAL ADOITION RTE ROUTINE SAMPLE
DR PORTION OF COOLANT DRAINED 0 OUMPED
WA WATER ADDITION OTH OTHER
LCPO MPA REVIEWED: DAYE
nr. IDATE HOL IDME (ENGINEER OFFICER)
A. FRONT B.BACK

Figure 2-21.—Diesel Engine Jacket Cooling Water System Nalcool 2000 Treatment Log.

SUMMARY

As an oil king, you will be responsible for one of
the most important operations in the engineering
department, the maintenance of the fuels and
lubricating oils. This chapter has pointed out the
importance of having clean fuel reach the gas turbine
engines and the necessity of maintaining a high
quality lubricating oil product. The knowledge you
gained from this chapter concerning safety, test
requirements, and record keeping should provide you
with a foundation you can use to ensure the sound
operation of the propulsion plant.
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This also holds true if you are assigned waste heat
boilers (WHBs) or diesel generators. The proper
testing and treatment of the WHBs and SSDGs will
ensure their proper operation and provide for a
longer life-span for the equipment. As a GSM
assigned to the oil lab, you hold an important and
necessary job within the engineering department
structure.






CHAPTER 3

ENGINEERING CONTROL SYSTEM OPERATION

One of the most remarkable design features of a gas
turbine-powered ship is that the engineering plant can
be controlled from a central area located away from the
actual equipment and systems. This central location,
known as the central control station (CCS), is your ship’s
primary control watch station for operating nearly all the
equipment in the engineering plant. Any of your ship’s
engineering systems that are not controlled in the CCS
can at least be monitored there. The CCS system not
only allows for efficient watch standing but also permits
the engineering officer of the watch (EOOW) and the
propulsion, electrical, and damage control watch
standers of your ship to have a quicker and more
comprehensive look at the vital parameters of all
engineering equipment and systems. In all gas
turbine-powered ships, the foundation of the CCS is the
engineering control system.

The engineering control systems on gas
turbine-powered ships come in three major designs. The
design of the control system is based on the class of ship.
The DD-963, DDG-993, and CG-47 class ships use the
engineering control and surveillance system (ECSS) to
operate their gas turbine equipment. The FFG-7 class
ships use the engineering plant control system (EPCS)
to both operate and monitor their gas turbine equipment.
The relatively new DDG-51 class ships use the
machinery control system (MCS) to both control and
monitor their gas turbine equipment. In your career as a
GSM, you may not be directly involved with all of these
control systems. You should, however, be aware of each
of these systems and how they relate to the engineering
plant. Of course, as you advance in the GS rating, you
should also be aware of certain watch-standing
requirements associated with these systems.

After reading this chapter, you should have a good
understanding of the function and operation of the three
major engineering control systems used on gas
turbine-powered ships. You should also be able to
discuss how each of these control systems interacts with
the equipment and systems of the ship’s engineering
plant. Although you may not work on all these systems,
the knowledge you gain from this chapter should help
you to both study for advancement and prepare for your
watch-standing qualifications as you become senior in
the GS rating.
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Remember, the information in this chapter is
intended for training and advancement study only. It is
not intended to replace the engineering operational
sequencing system (EOSS) or the appropriate technical
manuals for your ship’s equipment and systems. In this
chapter, we will provide you with an overview of the
consoles of the three major engineering control systems
used on gas turbine-powered ships. We will not discuss
these consoles in depth. For a detailed description, we
recommend you review Gas Turbine Systems
Technician (Electrical) 3/Gas Turbine Systems
Technician (Mechanical) 3, Volume 2, NAVEDTRA
10564.

CENTRAL CONTROL STATION
OPERATIONS

In all gas turbine-powered ships, the CCS is the
main operating station from which the engineering plant
can be monitored and controlled. The specific control
consoles located in the CCS will vary, however,
depending on the class of ship. On the DD-963,
DDG-993, and CG-47 class ships, the propulsion and
auxiliary control console (PACC), electric plant control
console (EPCC), fuel system control console (FSCC),
and damage control console (DCC) are located in the
CCS. On the DDG-51 class ships, the PACC, EPCC,
engineering officer of the watch/logging unit
(EOOW/LU), and DCC are located in the CCS. On the
FFG-7 class ships, the propulsion control console
(PCC), EPCC, auxiliary control console (ACC), and
DCC are located in the CCS. In this chapter, we will
briefly discuss some basic operations performed from
the major control consoles located in the CCS. We will
begin our discussion with the CCS control consoles
found on the DD-963, DDG-993, and CG-47 class ships.
Next, we will describe those found on the DDG-51 class
ships. Last, we will talk about the ones on the FFG-7
class ships. We will provide you with a fundamental
overview of these consoles. For a detailed description
of operating procedures for specific control consoles,
we recommend you refer to the EOSS, engineering
operational procedures (EOP), and appropriate
technical manuals for your ship’s equipment and
systems.
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DD-963, DDG-993, AND CG-47 CLASS
CCS OPERATIONS

On DD-963, DDG-993, and CG-47 class ships, the
CCS is located remotely from the ship’s machinery
spaces. This design allows the engineering plant to be
monitored and controlled with a minimum of personnel.

The two major consoles that control the engineering
plants on these ships are the PACC and the EPCC. The
PACC is the console in the ECSS where control of the
propulsion plant and auxiliary systems is normally
located. The EPCC is the console where control of the
electric plant is normally located. On the CG-47 class
ships, the EPCC also controls and monitors the
distribution of the ship’s 400-Hz power. We will briefly
discuss the operation of these two consoles in the
following paragraphs.

PACC

The PACC is the central control point in the
propulsion plant’s control system. The PACC monitors
and controls the operation and performance of the ship’s
main propulsion equipment and systems by sending
commands that will operate specific controls to
sequence the operation of equipment or control
subsystem operation.

The PACC contains electrical equipment that is
capable of controlling and monitoring both propulsion
plants and most of the ship’s auxiliary systems. Notice
in[figure 9-1lhow each panel of the PACC is dedicated
to particular types of control and monitoring. In this
section, we will briefly discuss the following control and
monitoring systems that are operated from the PACC:

1. Fuel oil service system

2. Lube oil system

3. Air system

4. Gas turbine module (GTM) control
Engine order telegraph (EOT) control
Throttle and pitch

=N o

Plant mode
8. Auxiliaries

In the following paragraphs, we will provide a basic
overview of these systems. For detailed information,
consult the appropriate EOSS, EOP, and technical
manuals.

Fuel Oil Service System

For the fuel oil service system, the control and
monitoring functions at the PACC can be divided into



two major categories: (1) fuel oil service control and
monitoring, and (2) GTM control and monitoring.
Together they function to deliver fuel oil at the proper
pressure and temperature to the individual propulsion
gas turbines. In the following paragraphs, we will
describe the monitoring and control functions available
at the PACC for these two categories. Let’s first talk
about those for the fuel oil service.

FUEL OIL SERVICE.— For fuel oil service
monitoring and control, the following nine functions are
available at the PACC:

1. Fuel oil service tanks A/B temperature
monitoring

2. Fuel oil service tank suction and recirculating
valves control and monitoring

3. Fuel oil service booster pump A and B control
and monitoring

4. Prefilter differential pressure monitoring
(CG-47 class only)

Header pressure and temperature monitoring
Heater temperature monitoring
Coalescer filter monitoring

Leak detection tank monitoring

© o = o«

Suction strainer differential pressure monitoring

For all nine functions, monitoring is continuously
available at both the PACC and the propulsion local
control console (PLCC), but control is available only at
one console at a time.

At the PACC, control of the fuel oil service system
consists of remote manual control of the suction and
recirculating valves in the two service tanks and remote
automatic or manual control of the two fuel oil service
pumps. For valve control, the PACC sends open or close
commands to the valve motor controllers. Because both
valves in a service tank must be in the same state (either
open or closed) to operate properly, the PACC can send
these commands simultaneously to both the suction and
the recirculating valves. For service tank control,
separate control switches at the PACC allow the
operator to control each service tank independently. At
the PACC, service tank monitoring consists of tank
temperature high and low alarms.

From the PACC, the operator can operate the two
fuel oil service pumps in either the manual or automatic
control mode. By setting the pump mode switch to
MANUAL, the operator can control each of the pumps
individually by using the push buttons on the PACC.

Setting the pump mode switch to either the A LEAD or
B LEAD position sets up the automatic control circuits,
allowing the operator to select a lead pump and a standby
pump. From this point, pump control becomes a
function of header pressure and time.

GTE FUEL OIL SERVICE.— For gas turbine
engine (GTE) fuel oil monitoring and control, the
following five functions are available at the PACC:

1. Supply temperature monitoring
Fuel purge control
Fuel filter monitoring

Main fuel valves control and monitoring

A

Emergency trip fuel valve control

The primary function of the GTE fuel oil controls
available at the PACC is to control the GTE fuel
shutdown valves and the emergency trip valves. Some
controls are also provided for fuel purging. By closing
either of the two main fuel valves, the operator can
prevent fuel from flowing to the engine fuel manifold.
The operator’s control of these valves, however,
depends on whether the GTE control mode is manual,
manual initiate, or auto initiate. With the GTE in the
manual control mode, the operator can use the
push-button indicator on the PACC to generate main
fuel valve control signals to the freestanding electronics
enclosure (FSEE). With the GTE in either the manual
initiate or auto initiate control mode, the fuel valve
control signals are automatically generated by the
start/stop sequence control logic.

The other GTE fuel oil controls at the PACC are
related to fuel purging operations. A common condition
requiring fuel purging is when an engine has been shut
down for over 15 days. The fuel will likely have to be
purged before the engine is started. This can be done by
motoring the GTE with the fuel purge valve open. At the
PACC, the operator opens the fuel purge valve by
depressing the FUEL PURGE ON push button. This
allows the fuel oil to flow through the engine fuel lines
and into the leak detection tank. In fact, the only way the
fuel valve can open is if an operator pushes the FUEL
PURGE ON push button at either the PACC or PLCC.

Now that we have described the fuel oil service
controls located at the PACC, let’s talk about the controls
for the lube oil system.

Lube Oil System

Each main engine room (MER) has its own separate
and independent lube oil system that can be monitored
and controlled from the PACC. Monitoring is available



continuously at both the PACC and the PLCC, but
control is available only at one of the consoles at a time.
At the PACC, lube oil control consists of either manual
or automatic control of the two lube oil service pumps.
The function of these pumps is to provide additional oil
to the lube oil pump that is attached to the main reduction
gear.

For the operator to be able to enable the pump
controls at the PACC, the local control switches on the
pumps must be in the REMOTE position. Then, the
operator can obtain individual manual control of each
of the two pumps by using the three push-button
indicators on the PACC. Setting the pump mode
auto/manual logic switch to MANUAL allows the
operator to control pump speed. When the operator
depresses the push-button indicator at the PACC, the
associated command goes to the PLCC circuitry and
then to the pump motor controller. Setting the pump
mode switch to either the A LEAD or B LEAD position
sets up the automatic control circuits, allowing the
operator to select a lead pump and a standby pump. From
this point, pump control becomes a function of header
pressure and time.

Lube oil control can be transferred from the PLCC
to the PACC by depressing the control transfer switch
at the PLCC. Then, the control commands can go from
the PACC over the serial data bus to the PL.CC. The
PLCC pump control circuitry then initiates the proper
signals to the pump motor controllers.

Air System

There are two main air systems associated with the
GTMs and the gas turbine generator sets (GTGSs): (1)
the bleed air system, and (2) the high-pressure air
system. These two air systems are interconnected by
piping and valves. Both systems are monitored and
controlled at the PACC. Control for both systems is
available continuously and simultaneously at both the
PACC and the PLCC. Let’s now look at each of these
systems separately, starting with the bleed air system.

BLEED AIR SYSTEM.— There is a separate bleed
air line to each GTM. Located in each of these lines is a
motor-operated bleed air valve. The position of the valve
can be controlled manually at the PACC as long as GTM
control is transferred to the PACC. The valve can also
be controlled automatically by the start/stop sequence
logic circuits. The status indicator lights on the PACC
will show the position of each bleed air valve.

The GTGS No. 3 has a bleed air isolate valve that
can isolate the GTGs No. 3 bleed air from the rest of the
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ship’s bleed air system. The ISOLATE push button,
located on the PACC, will illuminate when the valve is
closed and the No. 3 GTGS has been isolated. On the
CC-47 class ships, the GTGS solenoid-operated bleed
air valves can be controlled from a bleed air valve
control panel next to the EPCC in the CCS.

Now let’s examine the bleed air system in terms of
its four distinct subsystems:

1. Starter air
2. Masker air
3. Prairie air
4. Anti-icing air

We will briefly discuss each of these subsystems in the
following paragraphs.

Starter Air System.—The starter air system has
three operating modes available at the PACC: (1)
normal, (2) emergency, and (3) motor. Let’s first look at
the normal start air mode.

Normal start air is used during a normal start
sequence. The start air for the GTM is controlled by the
motor air regulator valve. This valve is controllable at
the PACC and can provide either one of two functions:
a valve-opened, nonregulated (start) position or a
valve-opened, regulated at 22 psi (motoring) position.
In the GTM, the last valve in the start air flow is the
starter air valve. The operator at the PACC can control
this valve either manually or automatically as long as
GTM control has been transferred to the PACC. The last
valve in the GTGS start air flow is through one of the
two starter air valves, either high pressure or low
pressure, depending on which is selected. Once the
valve is selected, then the start air control is maintained
by the GTGS’s system throughout the start sequence.

The operator at the PACC can start the emergency
start air by depressing the EMERGENCY push button.
This action allows air from the high-pressure storage
flasks to be made available for GTM starts. The
exception to this is in the case of the DDG-993 class
ships, which do not have a high-pressure/low-pressure
(HP/LP) air reducing station for GTM starting. The
high-pressure air is reduced and enters the GTM start air
system upstream of the motor air regulator valve.

Masker Air System.— The operator can align the
masker air system from the PACC. The masker air
system causes the valves of the start air system to line
up to either one of two possible positions, depending
upon whether the masker air is ON or OFF and whether
the air system is in the automatic control mode. With the



masker air ON after a start sequence, the start air system
valves will automatically align to allow masker air to
flow to the masker air belts. With the masker air in the
OFF condition after a start sequence, the masker transfer
valve will remain in the start position. The operator can
perform both of these valve alignments manually from
the PACC.

Prairie Air System.— The prairie air system consists
of the prairie air supply valve. At the PACC, the operator
can use the ON/OFF push-button indicator to operate
and control prairie air in both engine rooms. If one of
the prairie supply valves should fail to respond to a
command, both sections of the push-button indicator
will fail to illuminate.

Anti-Icing Air System.— The anti-icing air system
includes a bleed air injection system and an electrical
intake heater system. For both the GTMs and GTGSs,
the bleed air injection system is used to increase the
intake combustion air temperature. The electrical heater
in this system is used to prevent ice formation of the
stack intake louvers and the blow-in doors. For the
operator at the PACC to be able to use the pushbuttons
to control the heaters, the intake heater controllers must
be in the ON position.

For each GTM and GTGS, monitoring for the bleed
air injection system and the anti-icing system is
available at the PACC. The operator at the PACC can
control the bleed air injection system manually.

High-Pressure Air System.— The high-pressure air
system is used for emergency starting of the gas turbine
generators (GTGs) and the main propulsion GTEs
through an HP/LP air reducing station (except on
DDG-993 class ships). It is also the primary means to
start the first GTG, because bleed air is not available.
The two HP air compressors provide the system air to
the five air flasks in each MER and to the four air flasks
in the No. 3 GTG room.

GTM Control System

Most of the GTM control and monitoring circuitry
is used primarily for normal start-up and shutdown of
the propulsion gas turbines. All four GTM control and
monitoring functions can be accomplished at the PACC.
At the PACC, there are three possible start/stop modes
for each GTM: (1) manual, (2) manual initiate, and (3)
auto initiate. We will describe the auto initiate mode in
the plant mode control section of this chapter. For now,
let’s take a brief look at the manual and manual initiate

modes.
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In the manual mode, the operator must generate the
start or stop commands at every step of the sequence.
This means the operator must make sure each step is
accomplished at the proper time. The sequencing of
these manual controls is the same as those shown in the
time sequential flow charts found in the EOSS and
appropriate technical manuals.

In the manual initiate mode, the starting and
stopping of the GTE is in a semiautomatic mode. In this
mode, the engine will start up or shut down
automatically. The control electronics at the PLCC will
automatically sequence the required start-up and
shutdown steps. This mode is semiautomatic because
operation of the brake and clutch (the brake only on the
CG-47 class ships) must be done manually. Now, let’s
shift from the GTM control system and take a look at
the EOT control system.

EOT Control System

The EOT control system controls the rpm and pitch
signals for both engine rooms. This system is used when
the PACC is in control of the throttles.

To generate propulsion command information, the
ECSS uses the three following types of EOTs:

1. Standard order—EOTSs consisting of standard
engine commands, such as 2/3 back, 1/3 back, stop, 1/3
ahead, 2/3 ahead, and so forth

2. Digitized—An EOT system that provides rpm
commands to 0 to 200 rpm in 1-rpm increments and
pitch commands of -50 to +100 percent in 1-percent
increments

3. Plant mode—EOTsSs consisting of commands for
secured, split-plant, and full-power operations

These three EOT’s are at the SCC and the PACC. All
three communicate via the command and control serial
data bus.

STANDARD ORDERS.— For standard orders, the
operator initiates the commands at the SCC by moving
the integrated throttle control (ITC) lever to the standard
order position and depressing the stand order ALERT
push button. This sends the order to the PACC and the
PLCC for that particular shaft. If the PACC has control,
the operator can acknowledge the order by using either
one of the two following procedures:

1. Pushing the STD ORDER switch indicator,
which silences the EOT bell, and moving the ITC to
match the command from the bridge, as displayed by the
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Figure 3-2.—Throttle and pitch control block diagram.

flashing ITC indicator. This will cause the indicator
to illuminate steadily.

2. Moving the ITC lever to the new indicated
command. This will silence the bell and cause the
indicator to illuminate steadily.

DIGITIZED ORDERS.— The digitized EOT
provides for communication of nonstandard orders for
pitch and rpm. A nonstandard order is a command for
a specified pitch or rpm that is outside the
predetermined settings. If the PACC has throttle
control, the operator can set the thumbwheel
switches to make the SET and ORDERED digital
indicators agree. The operator then moves the ITC to
the ordered position.

PLANT MODE ORDERS.— The plant mode
EOT consists of three possible orders: secure, split
plant, and full power. When the plant mode is
activated, the signal is sent to the PACC. The signal
causes the indicator for the given order to flash and
the bell to sound. The operator acknowledges the
order by depressing the flashing indicator. When the
new plant condition is achieved, the indicator will
illuminate steadily. Now, let’s move from the EOTs to
the throttle and pitch control system.

Throttle and Pitch Control System

The throttle and pitch control system provides
control of shaft speed and propeller pitch. This is an
analog control system that uses continuously variable
signals to control shaft speed and propeller pitch.
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ECSS throttle and pitch control is available at the
PLCC, PACC, and SCC. Manual throttle and pitch
control is available at the PLCC and PACC.
Automatic or integrated throttle and pitch control
(ITC) is available at the PACC and SCC. The PACC
ITC levers, one for each shaft, allow single-lever
automatic scheduled control of throttle and pitch.
[Figure 3-2]shows an overall control block diagram of
the throttle and pitch control system.

We have briefly mentioned the plant mode control
system earlier in this chapter. We will now tell you
how it works.

Plant Mode Control System

The plant mode control electronics is located in the
PACC. This control works with the start/stop logic at
the PACC. As we mentioned earlier, the auto initiate
mode is a part of the plant mode control logics. In
plant mode control, the operator can start up or shut
down the main engines in both engine rooms without
using the individual GTE start/stop controls. The
plant mode control is normally used only when all of
the following systems are in AUTO:

1. GTE start/stop control
2. Throttle
3. Brake

4. Air
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As long as these systems are in AUTO and the
propulsion plant is in one of the three propulsion
configurations (either secure, split plant, or full power),
the plant mode system control is enabled. With plant
mode control enabled, the operator can perform the
following mode changes at the PACC:

1. Secure to split plant (CG-47 class ships only)

2. Split plant to full power

3. Full power to split plant

4. Full power or split plant top secure

5. Change engine

Now let’s shift from the plant mode control system
to the remaining system that can be controlled at the
PACC, the auxiliaries.

Auxiliaries Systems

There are certain engineering plant auxiliaries that
can be both monitored and controlled by the ECSS.
There are other auxiliaries that can only be monitored.
The following list contains the auxiliaries that can be
either monitored or controlled at the PACC:

1. Waste heat boiler (WHB) (emergency stop only)

2. Seawater service (start/stop)

3. Freshwater service (start/stop)

4. Refrigeration plant

5. Sewage and waste system 6.
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6. Distilling plant

7. Air-conditioning (A/C) plant
8. High-pressure air system

9. Ship’s service air system

10. Chilled-water expansion tank system (CG-47
class only)

11. Combat dry-air system (CG-47 class only)
12. AEGIS pump system (CG-47 class only)

You have just read about the eight control systems
available at the PACC in DD-963, DDG-993, and CG-
47 class ships. Now, let’s take a look at the control
systems at the EPCC for these ships.

EPCC

The electric plant control systems monitor and
control the performance and operation of the
equipment associated with the ship’s electrical
systems. The EPCC contains the controls and
indicators that are used for remote operation and
monitoring of the ship’s service power generation and
distribution systems. Remotely produced commands
from the EPCC operate controls to sequence the
operation of equipment or control subsystem operation.
In fact, the operation of the equipment associated with

the electrical distribution systems is normally
controlled from the EPCC.
shows a typical layout of an EPCC.

Notice how each panel is dedicated to particular types



of control and monitoring. Notice also that the EPCC on
the CG-47 class ships has an additional section for the
400-Hz system.

We will briefly discuss the following control
systems operated from the EPCC:

1. GTGS monitoring

. Electrical distribution system monitoring

. Circuit breaker control

. Gas turbine control

. Generator control

. System configurations

. Load shedding

. Turbine overload protection system (TOPS)
9. 400-Hz power system

We will provide only an overview of these systems. For
a detailed description of the operation of these systems,
we recommend you consult the EOSS, EOP, and specific
technical manuals for the equipment and systems of
your ship.

GTGS Monitoring

Each GTGS has sensors to provide remote
monitoring of the gas turbine engine and the generator.
The sensor information is sent to the EPCC in any one
of the three following ways:

1. Directly from alarm contact switches

2. Through alarm detector circuits in the generator
control panel

3. Through the propulsion and auxiliary machinery
information system equipment (PAMISE) via
the signal conditioning enclosure (S/CE) No. 1

The PAMISE provides the high vibration alarm and
parameter information for the demand display indicator
(DDD).

There are several GTGS alarms at the EPCC that
indicate abnormal conditions to the operator. With two
exceptions, these alarms are initiated by contact sensors
at the GTGS. The two alarms that are not initiated by
the contact sensors are the vibration high alarm and the
high turbine inlet temperature (TIT) alarm. The
vibration high alarm is generated by an alarm detector
in S/CE No. 1. The high TIT alarm is initiated by a TIT
high relay in the gas turbine generator control panel. In
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addition to the alarm lights, there are status lights at the
EPCC for each GTGS.

Electrical Distribution System Monitoring

The generator status panel at the EPCC provides
meter displays and alarms for monitoring the output of
the GTGSs. An additional section of this panel is for
shore power monitoring. The electrical distribution
system provides monitoring by using meter displays and
alarm lights. The operator can test the conditions of
shore power by using the phase sequence meter and its
associated switch.

Circuit Breaker Control

The EPCC provides centralized control and
monitoring of the generator circuit breakers, bus tie
breakers, and load center breakers. The push-button
indicators used to operate these breakers are located on
the EPCC mimic panel. Control of circuit breakers from
the EPCC is enabled only when the generator control
switches at the switchboards are in the REMOTE
position.

Circuit breaker control at the EPCC can be divided
into two categories: operator initiated and logic
initiated. Operator-initiated circuit breaker control is
provided at the mimic panel with the push-button switch
indicators. Logic-initiated circuit breaker close
commands originate when the EPCC is in the automatic
operating mode. Bus tie breakers 3S-1S and 3S-2S are
the only breakers with auto trip commands. The
commands isolate switchboard No. 3 if all three
generators are in parallel for more than 2 minutes.

Gas Turbine Control

Gas turbine control available at the EPCC consists
of gas turbine start and stop control and gas turbine
frequency control.

Manual GTGS control available at the EPCC
consists of a START push button, a STOP push button,
and a HP AIR/LP AIR GTRB start mode selector switch.
The start controls are enabled only when the control
transfer switch at the generator control panel and
switchboard are in the REMOTE position. The operator
initiates a start by selecting the type of air (HP or LP) to
use and depressing the START push button.

The EPCC STOP push button is not affected by the
control transfer switches. When this button is depressed,
a signal is sent to the turbine stop relay at the
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switchboard. The stop relay sends a stop signal to the
generator control panel to initiate a normal stop.

The frequency of each GTGS is controlled by an
electronic governor. The electronic governor senses
the frequency of the permanent magnet alternator
(PMA) and sends signals to a hydraulic actuator on
the gas turbine. The actuator adjusts the fuel flow in
the engine to maintain engine speed. The operator
can make the frequency adjustment at the EPCC by
raising or lowering a motor-driven potentiometer.
There are two modes of governor operation:
NORMAL and DROOP. The NORMAL mode is
isochronous, or constant frequency. The DROOP
mode is an alternate mode where frequency decreases
with increasing load.

Generator Control

For a GTGS, control of generator field excitation is
accomplished by its voltage regulator. There are two
modes of voltage regulator operation available at the
EPCC: AUTO and MANUAL. In the AUTO mode, the
voltage regulator regulates the generator output
voltage to a level set by a motor-driven reference
potentiometer. In the MANUAL voltage regulator
mode, excitation current from the is set by a motor-
driven rheostat located at the switchboard. The
operator can make the voltage adjustment at the
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EPCC by commanding either the reference
potentiometer motor (AUTO mode) or the manual
rheostat motor (MANUAL mode) in the RAISE or
LOWER direction. Just as for the generator, there
are two modes of operation for the voltage regulator:
normal and droop.

System Configurations

The electrical system is designed so that two
generators can supply all electrical loads. The third
GTGS can be put on standby and then automatically
started and synchronized to the bus if one or both of
the on-line generators should fail. Automatic failure
detection and recovery is available only when the
EPCC is in control and in the automatic mode, and
the electric plant is in a standard parallel or standard
split-plant configuration.

STANDARD SPLIT-PLANT
CONFIGURATION.—Standard split-plant
operation requires two generators to be on line but
not paralleled. The switchboard bus of the off-line
generator is energized through the bus tie connection
to one of the on-line switchboards. The remaining bus
ties are not energized. (See[fig. 3-4, view A.) The
EPCC



configuration status logic can identify any split-plant
configuration by monitoring the open and close status
of the generator and bus tie breakers.

STANDARD PARALLEL-PLANT CONFIGU-
RATION.—In standard parallel-plant operations, two
generators are on line and paralleled. Additionally, all
bus tie breakers are closed so that the three main
switchboards are connected in a loop system.
Configuration status logic at the EPCC identifies the
on-line generators for auto recovery logic. (Sed fig. 3-4]
view B.)

NONSTANDARD PLANT CONFIGURA-
TIONS.— The open-loop paralleled generator
configuration, as shown in view C o
energizes all three switchboards with two generators.
These configurations are either operator selected or the
result of a failure. All electrical distribution functions
have these configurations, but automatic recovery
capability is not available.

EMERGENCY CONFIGURATIONS.— Normal
plant operation requires two generators to be either in
the parallel or split-plant configuration. In an emergency
with two generators inoperative, one generator must
energize the three switchboards. (Sed fig. 3-4 view D.)
Overpower protection will cause load shedding of
preselected nonvital and semivital loads. If automatic
load shedding does not reduce the load sufficiently,
additional loads will have to be removed manually.

Load shedding

Load shedding is a process by which loads are
removed from the electrical bus to prevent overloading
of the on-line generators. Load shedding can be
accomplished manually or automatically. On the CG-47
class ships, load shedding is completely independent of
the TOPS.

At the EPCC, the operator can engage manual load
shedding by depressing the LOAD SHED push-button
indicator. This switch transfers +28 volt dc power to a
load shed relay.

The operator can start automatic load shedding by
using any overpower sensor circuit in one of the
switchboards. The sensor circuit energizes a
self-contained relay whose contacts are in parallel with
the LOAD SHED ACTIVATED push button at the
EPCC. Closing these contacts energizes the same load
shedding control relay as in manual load shedding.

When the operator energizes the load shedding
control relay, its contacts pickup tripping relays in each
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main switchboard. The tripping relays complete the
power circuits to the trip coils on selected main
switchboard circuit breakers. The coils open the circuit
breakers to remove load from the line. Additionally,
other loads are similarly inhibited in load center
switchboards as tripping relays are actuated by their load
shedding control relays.

TOPS

The TOPS is an automatic protection system
designed to prevent the loss of a GTGS because of
overtemperature. An example of the TOPS control panel
is shown in [figure 3-5.]This panel receives analog inputs,
such as GTGS inlet temperature, rpm, kilowatt, and so
forth. These signals originate from the PAMISE. The
control panel also receives digital inputs from the
EPCC. These signals are generator breaker status, bus
tie breaker status, and shore power status. The control
panel processes the signals and provides a listing to the
display unit. Based upon the results of the analysis of
the data, the control panel issues the commands to close
the bleed air valves and/or initiate load shed. The TOPS
control panel will take whatever action is needed to
maintain the vital electrical load.

400-Hz Power System

The EPCC on the CG-47 class ships can remotely
operate a total of six 60/400-Hz static converters. Only
four converters, however, are used on CG-47 class ships.
On the DD-963 and DDG-993 class ships, the
60/400-Hz converters cannot be controlled from the
EPCC. The three converter units on these classes of
ships each provide a shutdown signal, a summary
temperature high signal, and a power available signal to
the EPCC.

On the CG-47 class ships, operators at the EPCC
can control the converters only when the CCS IN
CONTROL indicator is illuminated. Starting as well as
paralleling and stopping of the 60/400-Hz converters is
possible from the EPCC. Control and monitoring of
each static converter is provided by the following
controls and indicator lights:

1. 60-HERTZ POWER AVAILABLE - Ship’s
power is available at the converter input breaker.

2. 400-HERTZ POWER AVAILABLE - The
converter is running. Closing of the converter
output breaker is enabled.
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Figure 3-5.—TOPS control panel.

BUS TIE ENABLE - The converters’
synchronized parallel operation is enabled.
Closure of bus tie breaker is enabled.

SHUTDOWN - The converter is off. An
alarm or the operator has stopped the
converter.

COOLANT FLOW LOW - Summary alarm
of all three liquid cooling mediums. The
flow is low or has stopped.

TEMPERATURE HIGH - Summary of
high-temperature shutdown alarms.

LOCAL CONTROL - Control of the
converter input and output breakers is at
the converter master control unit.

CCS IN CONTROL - Control of converter
input and output breakers is at the EPCC.

CURRENT - A meter shows the converter
amperage to a maximum of 481 amps.
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For a detailed description of the operation of the
static converters, we recommend you consult the
appropriate technical manual for the 60/400-Hz
converter.

You have just read about the two major control
consoles in the CCS on the DD-963, DDG-993, and
CG-47 class ships: the PACC and the EPCC. In the
following section, we will talk about CCS monitoring
and control operations for the DDG-51 class ships. As
you study this section, try to recognize the
similarities and differences in the design and
operational characteristics of the CCS consoles for the
DD-963, DDG-993, and CG-47 class ships and those
of the DDG-51 class ships.

DDG-51 CLASS CCS OPERATIONS

The CCS on the DDG-51 class ships is also located
remotely from the machinery spaces. The CCS is the
main operating station from which the engineering
plant, with the exception of the steering system, can
be controlled and monitored. On the DDG-51 class
ships, the three major consoles of the engineering
plant are the PACC, the EPCC, and the EOOW/LU.
The PACC can
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Figure 3-6.—0verall view of the PACC.

control and monitor all systems and components that
interface with the shaft control units (SCUs). This
includes the propulsion machinery, propulsion
auxiliaries, and independent auxiliaries. The EPCC
controls and monitors the ship’s service gas turbine
generators (SSGTGs) and electrical distribution system.
This includes restart control and monitoring of the four
air-conditioning plants and some fuel service
monitoring. The EOOW/LU controls and monitors the
MCS data logger and bell logger. We will briefly discuss
the operation of these consoles in the following
paragraphs.

PACC

The MCS propulsion plant control equipment
consists of two SCUs and the PACC. The PACC is
located in the CCS and communicates with the SCUs
through the data multiplex system (DMS). The PACC
provides all controls and displays necessary to operate
MCS equipment in both engine rooms. It also provides
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for much of the MCS’s associated auxiliary and support
systems operations| Figure 3-6 shows that each section
of the PACC is dedicated to particular types of control
and monitoring. Some of the major controls and
monitoring systems are discussed briefly in the
following paragraphs.

Fuel Oil Service System

The fuel oil service system is remotely controlled
and monitored by the PACC in two parts: (1) fuel
service and (2) propulsion fuel. The fuel service and
propulsion fuel controls deliver fuel oil at the proper
pressure and temperature to each GTE. The fuel service
system may also be operated locally. The monitoring
functions for both parts of the fuel oil service system are
continuous y available at both the PACC and the SCU,
but control is available at only one console at a time.
Let’s take a look at both parts of this system, starting
with the fuel service system.



FUEL SERVICE SYSTEM.— The following six
monitoring and control functions of the fuel service
system are available at the PACC:

1. Fuel service tank level monitoring

2. Fuel service tank suction and return valves
control and monitoring

3. Fuel service pumps A and B control and
monitoring

4. Fuel service heater temperature monitoring

5. Prefilter differential pressure monitoring

6. Filter/separator differential pressure monitoring

PACC control of the fuel service system consists of
remote manual control of the suction and return valves
associated with the two service tanks. The PACC also
has automatic or remote manual control of the two fuel
service pumps.

The computer program for the fuel suction and
return valves allows the operator to open or close both
service tank valves simultaneously. Separate control
push buttons are available so the operator can operate
the pair of valves in one service tank independently of
the pair of valves in the other service tank. The computer
simultaneously sends the selected (open or close)
command to both of the valve motor controllers
associated with a single service tank. The PACC
controls all four valves through their respective SCU
computers.

The PACC operates the fuel service pumps
automatically when their respective motor controllers
are aligned for remote operation. The push-button
indicators at the PACC allow the operator to assume
manual control of the computer function program for the
fuel service pumps. The operator can depress the OFF,
LOW SPEED, or HIGH SPEED push button whenever
the service pump motor controller is in remote.
However, the computer program function will override
operator LOW SPEED and HIGH SPEED push-button
inputs if they are contrary to the automatic mode logic
of the computer program function. The operator may
command the operating fuel service pumps OFF at any
time. When a fuel service pump is in the OFF state, the
automatic mode of the computer program function is
inhibited for that pump. If the PACC is in the automatic
mode before a fuel service pump is started, the operation
of that pump is controlled by the computer function
program. The computer program controls the fuel
pumps with respect to fuel header pressure and time.
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PROPULSION FUEL SYSTEM.— The following
four functions are available at the PACC for propulsion
fuel monitoring and control:

1. GTE fuel manifold pressure monitoring
2. GTE fuel valve controls and monitoring
3. GTE fuel purge control and monitoring
4. GTM fuel filter differential pressure monitoring

The propulsion fuel controls available at the PACC
are limited to opening and closing the module fuel inlet
valve and fuel purging. Alarm and status indicators are
also located at the PACC.

The one solenoid-operated module fuel valve
external to the module is located in the fuel supply
piping near each GTE. This valve isolates the module
fuel system from the fuel service system. Push-button
indicators on the PACC allow the operator to control the
valve. From the PACC, the operator either can
electrically energize the valve closed or de-energize it
open. The operator has separate controls for each GTE.
By depressing the MODULE VALVE CLOSE push
button, the operator energizes the valve. This prevents
fuel flow to the GTE regardless of its operating status.
If the operator should depress the MODULE VALVE
CLOSE push button while a GTE is either ON LINE,
ON, or in a cool down, an automatic shutdown recurs.

At the PACC, the operator can initiate the fuel
purging function. The fuel purging function allows the
operator to drain the GTE manifold of any cold or
contaminated fuel before starting. Purge control is
available for each GTE through the PURGE ON and
PURGE OFF push-button indicators at the PACC. The
operator starts a fuel purge by depressing the PURGE
ON push button. This action energizes (opens) the
solenoid-operated purge valve in the GTE. The operator
depresses the PURGE OFF push button to de-energize
(close) the valve when fuel temperature and purity are
satisfactory. The position of the purge valve is indicated
by limit switches that control the PURGE ON and
PURGE OFF indicators at the PACC. A status message
is also shown on the plasma display unit (PDU). Now
let’s move onto the lube oil system.

Lube 0Oil System

Each MER contains an independent lube oil system
that is controlled and monitored from the PACC.
Monitoring is available continuously at both consoles,
but control is available at only one of the consoles at a
time. At the PACC, the operator can control the lube oil
service system pressure through the computer program



function of the lube oil service pumps. The operator
initiates these commands by depressing the push-button
indicators in the reduction gear lube section of the
propulsion mimic panel.

The motor-driven lube oil service pump control
signals from the PACC are sent via the DMS to the
appropriate SCU computer. Two modes of motor-driven
lube oil service pump control are available: MANUAL
and AUTO LEAD. The MANUAL mode allows the
operator to select pump speed with OFF, LOW SPEED,
and HIGH SPEED push-button indicators. The AUTO
LEAD mode also allows the operator to select pump
speeds manually and tells the SCU computer which
pump to start first in response to the MRG hydraulically
most remote bearing pressure. The control location
switch on a lube oil service pump motor controller must
be in REMOTE before the computer can control pump
operation. Three push-button indicators at the PACC
allow the operator to assume control of the lube oil
pumps individually. Automatic and manual pump
operation are enabled when the operator depresses an
AUTO LEAD push button. AUTO LEAD prevents the
operator from commanding pump speeds that contradict
the lube oil service pumps automatic mode logic. When
pump control is in AUTO LEAD, the pumps cycle as a
function of the main reduction gear (MRG)
hydraulically most remote bearing pressure. Now that
we have described the lube oil system, let’s go on to the
air system.

Air System

There are two compressed air systems associated
with the GTEs and the GTGSs: (1) the bleed air system
and (2) the high-pressure air system. Let’s look at the
bleed air system first.

The bleed air system contains the following four
distinct subsystems:

1. Starter air
2. Masker air
3. Prairie air
4. Anti-icing air

The bleed air system is supplied with combustion
air extracted from each operating GTE and SSGTG
compressor. Each GTE and SSGTG has a bleed air valve
that controls the flow of air from the engine to the bleed
air header. The bleed air valve for each GTE is
motor-operated and may be controlled from the SCU or
the PACC. The bleed air valve for the SSGTG is
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solenoid-operated and may be controlled from the
SSGTG local operating panel (LOCOP) or the EPCC.

The starting air system is supplied by the
high-pressure air system through banks of high-pressure
air flasks and the bleed air header. The bleed air system
is the normal source of starting air when gas turbines are
operating. The high-pressure air system flasks are the
starting air source when no turbines are operating or a
bleed air PRESS LOW alarm is set.

At the PACC, the operator selects the starting air
source by depressing the starting air BLEED or HIGH
PRESS push-button indicator. These push buttons
interface with the starting air select computer program
function in the SCU computer. When the BLEED or
HIGH PRESS push button is depressed, a status
message appears on the PDU. The BLEED or HIGH
PRESS signal is sent with an ON or ON LINE command
to align the appropriate starting air valve. Valve
alignment for a BLEED or HIGH PRESS start is
initiated by the SCU engine state logic-on computer
program function.

A GTE may be motored with bleed or high-pressure
air using the same air paths as a bleed or high-pressure
start. The only difference is the motor air regulator valve
is set to the motor position by the engine state
logic-motor computer program function. The motor air
regulator valve regulates air pressure to 22 psig when it
is in the motor position. At the PACC, the operator can
start the motor sequence for a GTM in the OFF state by
depressing the MOTOR push button.

The masker air system is aligned by the HULL
MASKER ON and OFF push-button indicators at the
PACC. These push buttons operate the masker air select
computer program function in the SCU computer. The
HULL MASKER ON push button places the bleed air
transfer valve in the masker position if a GTE start or
motor command is not active in the same MER. The
HULL MASKER OFF push button places the bleed air
transfer valve in the start/motor position. The bleed air
transfer valve position is displayed on the PDU.

The prairie air system is supplied with bleed air
through a prairie air cooler and supply valve in each
MER. The PRAIRIE ON and OFF push-button
indicators provide manual inputs to the SCU computer
to issue commands to its connected prairie air supply
valve. When the prairie air supply valves are operated
from the PACC, the appropriate indicator illuminates
and a status message is displayed on the PDU.

The anti-icing system is supplied by bleed air
injected into the gas turbine intakes upstream of the



moisture separator/blow-in panels. A manually operated
anti-icing valve is located downstream of each GTM
bleed air regulating valve. The anti-icing valve position
is monitored by the computer in the SCU, which
generates a status message on the PDU. An ICING alarm
indicator for each GTE is provided on the PACC
propulsion mimic panel.

GTE Control System

Control and monitoring of all four GTEs is available
from the PACC. However, normal control functions are
only available from either the PACC or the appropriate
SCU at any one time. The following items of the GTE
control system are discussed in this section:

1. Engine fan control
2. Engine state logic
3. Emergency controls

The engine fan control computer program function
is always enabled. It automatically operates the module
cooling fan and damper in response to three inputs: (1)
the GTE cooling air outlet temperature transducer, (2) a
GTE start command, or (3) the Halon release command.
The SCU computer controls the GTE cooling fan and
vent damper.

There are five possible engine states for a GTE.
Each engine state is associated with a computer program
function in the SCU computer. An engine state computer
program function senses the actual state of the GTE and
allows an operator to start an engine state change. The
push buttons that enable an engine state change are on
the gas turbine propulsion mimic of the PACC and SCU.
The five engine state logic computer program functions
are as follows:

1. Off - Fuel off; power turbine (PT) brake on and
disconnected from programmed control

Motor - Engine off before alignment of an air
system for motoring

On - Engine running at idle, disconnected from
programmed control; PT brake on; and stop not
commanded

On line - Engine running, connected to
programmed control; PT brake off; and clutch
engaged

Cooldown - Engine running at idle, dis-
connected from programmed control; and PT
brake on
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The SCU computer controls the GTE brakes, valve
alignment, cooling fan, and vent damper automatically
to fulfill any legal engine state change requested by the
operator.

The GTE emergency controls consist of three
separate, but interrelated, categories: (1) emergency
stops, (2) automatic shutdowns, and (3) GTE fire
detection and control.

An operator can initiate an emergency stop while a
GTE is in the ON or ON LINE state by depressing
EMER STOP, PRI OR RSV HALON RLSE, or
MODULE VALVE CLOSE. Depressing a HALON
RLSE or MODULE VALVE CLOSE push button
indirectly causes the SCU to send an emergency stop
command to the interim integrated electronic control
(ITEC). The SCU sends an emergency stop command to
the IIEC in response to a module Halon actuation alarm
or loss of GTE fuel manifold pressure.

An IIEC automatic shutdown is indicated when the
AUTO SHUT DOWN lamp on the PACC illuminates.
Each automatic shutdown causes the SCU computer to
carry out an emergency stop in addition to the ITEC
shutdown sequence. There are nine automatic
shutdowns associated with the MCS system. GTE lube
oil supply pressure low, power turbine vibration high,
and power turbine overspeed shutdown are examples of
automatic shutdowns. Five of the nine automatic
shutdowns are inhibited when BATTLE OVRD ON is
depressed. The five automatic shutdowns inhibited by
battle override are as follows:

1. GTM fail to light off or flameout shutdown
2. GTM lube oil supply low-pressure shutdown
3. GTM power TIT high shutdown

4. GTM gas generator vibration high

5. GTM power turbine vibration high

The GTE tire detection system consists of three
ultraviolet flame detectors in the module and a signal
conditioner located under the module. When a fire is
detected, an alarm message appears on the PDU and a
MODULE FIRE lamp illuminates on the PACC and
SCU. At the PACC, the operator can activate Halon by
depressing the PRI OR RSV HALON RLSE push
button. AHALON SYSTEM ACTUATED alarm is then
displayed on the PDU.

Thrust Control System

The thrust control system consists of throttle/pitch
and brake mode control from an MCS control station.



This station can be the PACC, SCU, or the bridge control
unit (BCU). Throttle/pitch control is unified under the
programmed control and order difference computer
program functions when the NORMAL PRO-
GRAMMED MODE is selected. Throttle and pitch
controls are separated, and only available at the SCU,
when the LOCKOUT MANUAL MODE is selected.
Brake mode control is available in both modes.
However, brake engagement requires additional
operator action when LOCKOUT MANUAL is
selected. The LOCKOUT MANUAL MODE places
unit control at the SCU and inhibits control station
transfers.

Programmed control is the normal method of
controlling a DDG-51 class ship’s speed. Programmed
control allows the operator to use a single lever to
position the controllable pitch propeller (CPP) blades
and GTE power lever angle (PLA) for a propulsion
shaft. TWO programmed control levers are available at
the PACC. The port and starboard programmed control
levers at the PACC maybe latched to ensure the shaft
horsepower is equal. The programmed control levers
have a TRIM potentiometer for fine throttle/pitch
adjustments.

The programmed control computer program
function is designed for fuel economy. To provide this
fuel economy, the programmed control has been divided
into two operating regions: (1) the modulate
transmission mode used for slower ahead and astern
thrust settings, and (2) the modulate engine mode used
for faster ahead and astern settings.

Independent Auxiliaries Systems

The independent auxiliaries are systems controlled
and/or monitored through an SCU, which do not have a
direct impact on the propulsion and propulsion auxiliary
equipment. The seawater cooling system pumps are the
only independent auxiliaries controlled from the PACC.
The following independent auxiliaries are associated
with the MCS system:

Seawater cooling system

Sewage and drainage system
Freshwater service system
Air-conditioning/chill-water system
High-pressure air system

Ship’s service air system

R A e

Internal communication system
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Now that you have read about the controls available
at the PACC, let’s take a look at the ones available at the
EPCC.

EPCC

The EPCC provides centralized control of the ship’s
electric plant. The electric plant on the DDG-51 class
ships consists of the SSGTGs and the bus distribution
equipment. These features include a panel arrangement
of SSGTG controls and display devices in three groups,
one for each generator. Each group also has controls and
indicators for generator circuit breaker operation and
status. Load shedding, shore power switching, and a
visual synchronization presentation for all power
sources are added features. Limited status of each
air-conditioning plant status is displayed, and restart
controls for each plant are provided. The major electrical
generation and distribution equipment is located in
auxiliary machinery room (AMR) No. 1, MER No. 2,
and the generator room. Each of these spaces contains
one SSGTG and its associated switchboard.

An integral AN/UYK-44(V) computer provides for
control and monitoring of the electric plant. The MCS
requires that the electric plant remain operable if the
EPCC computer fails. So, many switch functions are
hardwired rather than using the DMS. The wiring is
from the EPCC to the controlled device in the generator
spaces. The required electric plant sensors are also
hardwired to the EPCC panel indicators to provide
status. An EPCC computer failure will cause a loss of
electrical plant alarm detection, EPCC and DMS
communications, and any displays at the PDU.

The EPCC contains the controls and indicators that
the operator can use for remote operating and
monitoring of the ship’s service power generation and

distribution systems| Figure 3-71 shows the locations of
the control and indicator panels of the EPCC. We will
briefly discuss the following control systems that are
operated from the EPCC:

1. SSGTG control and monitoring

Electrical distribution monitoring and control
Circuit breaker operation

Gas turbine control

Generator control

Load shedding system operation

A/C plant operation

I B

400-Hz power system operation



OUTPUT
MONITOR PANEL

PLASMA DISPLAY -4

DISTRIBUTION =]
PANEL

ALY

PLASMA KEYBOARD

Figure 3-7.—EPCC panel locations.

Again, refer to the EOSS, EOP, and appropriate
technical manuals for a detailed description of the
operation of these systems.

SSGTG Control and Monitoring

Most SSGTG control systems reside in the LOCOP
and exciter control panel (EXCOP). The EPCC and
switchboard control stations provide only discrete
inputs to the LOCOP and EXCOP. The LOCOP provides
monitoring for the gas turbine and generator, and control
for the gas turbine. This includes speed control, which
the LOCOP governor uses to regulate generator output
frequency. The EXCOP controls generator output
voltage by regulating generator field excitation. The
EXCOP is enabled by the LOCOP when gas turbine
speed exceeds 12,225 rpm.

A SSGTG has sensors to allow remote monitoring
of its gas turbine, generator, and supporting systems.

The EPCC receives sensory information in any one of
the following four ways:

1. Directly from controllers or contact switches

2. Directly from temperature or level monitoring
devices
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3. Discrete inputs from the SSGTG LOCOP
4. Analog inputs from the SSGTG LOCOP

Inputs to EPCC are processed by its computer to
determine if an alarm condition exists. Alarms are
indicated on the PDU and by an EPCC control panel
alarm indicator. At the EPCC, eight alarm conditions for
each SSGTG are displayed by specific alarm indicators.
All other alarms are indicated by the appropriate
SSGTG summary alarm light above the PDU.

At the EPCC, there is one SSGTG summary alarm
LED for each SSGTG. The summary alarm light for
SSGTGS No. 1 and No. 2 operate when at least one of
22 alarm conditions occur. The summary alarm light for
SSGTG No. 3 operates when at least 1 of 25 alarm
conditions occur.

Any inputs to the EPCC that do not originate from
the SSGTG LOCOP are classified as direct. These direct
inputs can be either discrete or analog. Direct discrete
inputs are typically received from auxiliary contacts in
equipment controllers or contact switches associated
with a SSGTG support system. Direct analog inputs are
received from resistance temperature elements (RTE) or
tank level receivers associated with a SSGTG.



Electrical Distribution Monitoring and Control

An electrical switchboard has both analog and
discrete sensing devices for monitoring generator or bus
output and circuit breaker status. Alarm, status, and
control information flows between the switchboard and
the EPCC. The EPCC receives this information in one
of three ways:

1. Directly from potential transformers and current
transformers

2. Directly from circuit breakers

3. Discrete inputs from switchboard relay logic
circuits

The voltage and current signals from the current and
potential transformers are sent to transducers in the
EPCC to generate voltage, current, frequency, and
power signals. These signals directly drive the power
generation and distribution system output LED meters.
These signals are also sent to the computer for alarm
generation and the PDU’s demand display. The operator
can select the voltage displayed on the system output
panel meter by positioning the associated SOURCE
selector switch.

The electrical distribution system can be operated
manually from either the switchboard or the EPCC.
Automatic sequencing takes place in the switchboards
only when a fault condition exists. The EPCC does not
automatically control any circuit breakers as a part of
the standby generator start or any other function. The
switchboard relay logic and the LOCOP sequencer
generator breaker trip command are the only automatic
breaker controls.

Shore power breaker control from the EPCC is
limited to the operator’s sending a trip command to each
breaker simultaneously by depressing the ALL CB
OPEN push button. All shore power close control and
phase monitoring devices are locally operated from
switchboard No. 2 in MER No. 2. When the shore power
breakers are closed, circuits in each switchboard will
automatically command each sSGTG governor to
DROOQP to prepare for a shift from ship’s power to shore
power.

Circuit Breaker Operation and Control

The EPCC provides centralized control and
monitoring of 3 generator circuit breakers, 6 bus tie
breakers, and 12 shore power breakers. The push-button
indicators for these circuit breakers are located on the
EPCC mimic panel. Control of these circuit breakers
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from the EPCC is enabled only when the operator
extinguishes the LOCAL CONTROL alarm light for a
switchboard.

EPCC operation of circuit breakers is accomplished
through the same circuits used by the switchboard
controls. Depressing an EPCC push-button indicator
allows the operator to energize a 28-volt dc close or trip
relay at the associated switchboard. The 10-position
synchronization CIRCUIT BREAKERS select switch
and SYNC MONITOR BYPASS push button enable
operation of the close circuit. When a relay is energized,
a control circuit in the breaker assembly energizes a
close or open trip coil to execute the desired status
change.

Gas Turbine Control

The gas turbine controls available at the EPCC
consist of gas turbine start air selection, governor
mode selection, and manual bleed air valve control.
Also available at EPCC are gas turbine start and stop
control and gas turbine frequency control. These
operator interfaces provide discrete inputs to the
LOCOP, which operates all SSGTG support systems
and gas turbine control elements.

The availability of an SSGTG start from the
EPCC is a function of the LOCOP 301 sequencer
ready to start discrete output, LOCOP LOCAL/
REMOTE switch, and switchboard voltage regulator
mode switch. When the LOCOP is in REMOTE, an
operator at either the switchboard or the EPCC can
start the SSGTG. When the switchboard GTG START
TRANSFER switch is in LOCAL, operators at both
the switchboard and the EPCC can start the SSGTG.
When the switchboard GTG START TRANSFER
switch is in REMOTE, an operator only at the EPCC
can start the SSGTG.

The manual SSGTG start controls at the EPCC are
the ON, HIGH PRESS, and BLEED push buttons. When
the operator depresses the ON pushbutton, the signal is
combined with the HIGH PRESS or BLEED indication
signal in the output multiplexer hardware. The start air
push buttons provide only a hardware logic signal within
the EPCC and do not cause the start air piping valves to
realign. Depending upon which start air indicator is
illuminated, the EPCC will send a high-pressure start or
bleed air start signal to the LOCOP.

An SSGTG stop is always available from its
LOCOP, its associated switchboard, and the EPCC.
Depressing the EPCC OFF push-button switch sends a
signal to the LOCOP, which initiates a normal SSGTG



stop and opens the associated generator circuit breaker.
An SSGTG will also automatically stop if certain
abnormal conditions, such as slow start, module fire,
and so forth, occur.

The output frequency of each SSGTG is controlled
by an electronic governor in the LOCCP. The electronic
governor regulates the frequency by adjusting fuel flow
to the gas turbine. When the governor control is at the
EPCC, frequency adjustments can only be made from
the governor mode RAISE/LOWER switch at the
EPCC. RAISE increases fuel flow to the gas turbine,
while LOWER reduces the fuel flow to the engine.
There are two modes of governor operation:
isochronous (ISO) and DROOP. The ISO mode is a
constant frequency mode where fuel flow is regulated
to maintain a constant generator output frequency. The
DROOP mode is a constant fuel flow mode where
increasing or decreasing the electrical load will cause
the frequency to decrease or increase, respectively. At
the EPCC, the operator selects the mode by depressing
either the ISPO or DROOP push button. When on shore
power, DROOP is automatically selected by the
switchboard.

Generator Control

Generator field excitation is controlled by one of
two automatic voltage regulators in the EXCOP.
Generator output voltage can be controlled either
manually or automatically. One manual mode and two
automatic modes are available at both the switchboard
and the EPCC. In the MANUAL mode, excitation
current from the voltage regulator is set by a
motor-driven manual voltage adjust circuit in the
EXCOP. The two automatic modes are differential
(DIFF) and DROOP. In these modes, the voltage
regulator sets the general output voltage to a level
determined by the setting of a motor-operated
potentiometer in the EXCOP. The DIFF mode is used
during parallel operations to allow the on-line SSGTGs
to share the reactive load equally at a selected output
voltage. The DROOP mode is used for operating
generators on an isolated bus. The DROOP mode is
basically the DIFF mode without cross-current
compensation.

Load Shedding System Operation

A load shedding operation can be started manually
or automatically. An operator can start manual load
shedding by depressing the appropriate INIT
push-button indicator at the EPCC or the spring-loaded
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LOAD SHED switch at the switchboard. An operator
can start automatic load shedding by energizing either
an overpower relay in a switchboard or an overcurrent
relay on a shore power breaker.

When one overpower relay is energized, its contacts
operate tripping relays in each switchboard. The
tripping relays complete the power circuits to the trip
coils on selected circuit breakers. When a shore power
overcurrent relay is energized, load shed stage 1 and
stage 2 relays in switchboard No. 2 are also energized.
This completes the power circuits in the switchboards
to trip the circuit breakers in the load shed system. All
circuit breakers opened during a load shed operation
must be closed locally. An exception is the
air-conditioning plant circuit breakers that can be closed
remotely from the EPCC. The tripped circuit breakers
cannot be closed until an existing overpower or
overcurrent condition is cleared.

Air-Conditioning Plant Operation

The normal and alternate supply circuit breakers for
the air-conditioning (A/C) plant can be closed from the
EPCC. At the EPCC, all four A/C plants have a remote
restart capability to bring a plant that was operating
before a power interruption back online. Each A/C plant
can be reconnected to the main bus and restarted from
the EPCC after a stage 2 load shed or an unexpected
power loss.

After a stage 2 load shed, all the primary and
alternate sources of power to each A/C plant will have
been tripped. Depressing the POWER RESTORE push
button at the EPCC closes the primary and alternate A/C
plant circuit breakers. All eight breakers will close,
regardless of the switchboard LOCAL CONTROL

alarm status, to energize each A/C plant controller.
400-Hz Power System Operation

The 400-Hz power systems consists of two
60/400-Hz static converters that feed separate 400-Hz
switchboards. On the DDG-51 class ship, the EPCC
cannot control or monitor any part of the 400-Hz power
system. Remote operation of the 400-Hz power system
is accomplished in combat systems maintenance central.
The only 400-Hz monitoring done by the MCS is in the
interior communication switchboards.

Now that you have read about the monitoring and
control functions available at the PACC and EPCC, let’s
look at some of these controls available at the
EOOW/LU.
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EOOW/LU

The EOOW/LU provides a central location for the
EOOW to monitor the status of the DDG-51 class
machinery plants. The EOOW/LU, shown i
provides a centralized station for the basic functions of
accumulating, processing, and displaying the MCS
status. Additional functions of the console are to provide
the data for display on the console displays on the PDUs
on the bridge and in the combat information center
(CIC). This console also provides the means of loading
the bubble memories used by the other MCS consoles.
An operator can also use this console to change selected
alarm parameters in the software tables of the
AN/UYK-44 computer memories in the other consoles,
to set the date and time, and to update the shaft
revolutions count for use by other programs. The
following five principal operating units are furnished
with this console:

Two PDUs and one keyboard
A bubble memory tape drive unit
A bell log printer

An AN/USH-26(V) signal data recorder-
reproducer set

An AN/UYH-44(V) computer

> w o

In the following paragraphs, we will briefly
describe the units of this console. Again, for detailed
information, we recommend you consult the EOSS,
EOP, and appropriate technical manuals.

Plasma Display Units

The EOOW/LU panel has two PDUS with a single
keyboard. The panel CONTROLLED DISPLAY switch
connects the keyboard to either the left or right unit. The
keyboard CONTROLLABLE PLASMA/WORK-
STATION SELECT key swaps the PDU controllable
assignments for those of the workstation. This
arrangement separates the housekeeping and operation
functions. It also eases the PDU casualty operations for
the EOOW. The controlled PDU assignments include
the automatic alarm and status unit and the summary
group and demand display unit. The PDU workstation
capabilities include manual entry, log tape read, alarm
acknowledgement, bubble memory loadng, and edit
operations.

Manual entry is a keyboard message input system
that allows up to 32 characters. The message is released
to all PDUs in nearly simultaneous fashion. The log tape
reading function causes data from a tape cartridge to
appear on the PDU. This function is useful for reviewing
events that occurred previously. Single entry and tabular



modes are also available. The single entry mode displays
the latest entry and allows the operator to scroll to view
older data. The tabular mode displays up to 25 demand
display selections produced on six dates at a particular
time. The operator views an individual 25-entry set as a
log page and uses the keyboard to progress page to page.
The editing function allows the operator to adjust the
current date and time, alarm parameters, and shaft
revolution counter reset.

Bubble Memory Unit

When the EOOW/LU is first energized, the operator
must install bubble memory cassettes in the drive unit.
The computer’s start-up program will then cause the
console’s operating program software on the cassettes
to be loaded into the computer’s memory. Anytime the
computer is rebooted with the cassettes installed, the
operator must repeat the loading operation.

Each bubble memory for the MCS has unique
console software programming. When software
changes are required, a new AN/USH-26 master tape
cartridge is provided. The operator inserts the new
cartridge in tape drive O. Bubble memory cassettes are
then loaded into the EOOW/LU bubble memory drive
unit. The EOOW/LU console transcribes the new master
tape program to the cassettes. New programs are set in
motion after the cassettes are installed in their MCS
console and the console’s initialization and bootstrap
procedure is run.

Bell Log Printer

The bell log printer is installed in the EOOW/LU
console front panel. It is a thermal style printer. The
printing head elements are heated and pressed against
the heat-sensitive paper. The EOOW/LU computer
program issues the printer control and data print
commands.

Signal Data Recorder-Reproducer Set

The AN/USH-26(V) signal data recorder-
reproducer set is panel mounted. It is a cartridge tape
drive unit configured for four tape drives. The tape
drives are numbered drive 0 through 3. Only two tape
drives are used, however, and no hardware is installed
in drives 2 and 3. Drive 0 is a read only drive and drive
1 is a write only drive. There is a magnetic tape driver
in the computer program. The driver interfaces with the
set to provide data writing and data program readings.
The driver also rewinds the tape and reads the set’s status
register.
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A tape read or write operation starts when the
EOOW/LU computer sends a 16-bit command word to
the AN/USH-26(V). The tape unit performs the action
and follows up with feedback status. The feedback is a
status word reporting on the command word’s
operational success within the tape unit. Feedback status
after each command operation is issued. When the status
word is error free, the system is assured that satisfactory
command completion has resulted. If a status error
exists and may result in a local tape error alarm,
additional operations can be entered.

EOOW/LU Computer

Embedded in the EOOW/LU, the AN/UYK-44(V)
controls and monitors the MCS by using the DMS. The
AN/UYK-44(V) is a general-purpose self-contained
computer. The acronym AN/UYK-44(V) is defined as
follows:

AN — Army/Navy
U — General utility
Y - Data processing
K — Computing
44 — 44th machine designated as AN/UYK

V — Various component groupings available

The computer has a set of hardware modules
contained in an air-cooled card cage. It also has a cooling
fan, a control and maintenance panel, and power
supplies. The basic modules are standard electronic
modules (SEMs), built to military standards
(MILSTDs). The control and maintenance panel is
located on each console for convenient start-up and
maintenance purposes.

The computer is the principle unit in the interchange
of information for the EOOW/LU. It works with the
DMS to accomplish these tasks. Each MCS console has
an AN/UYK-44(V) computer that may monitor the
propulsion plant, electric plant, auxiliary machinery,
and firemain and hazard detection systems. The control
and alarm input capabilities, however, will vary within
the program functions assigned to each console
computer. The computer enters a bootup process at
power turn-on. (It may also be rebooted from the control
panel whenever this is required.) During the boot
process, the operating program is loaded from the
bubble memory cassettes installed in a tape drive unit in
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the console. The program is unique to each console
housing a computer.

You have now read about CCS operations on the
DD-963, DDG-993, CG-47, and DDG-51 class ships.
Let’s now look at these operations for the FFG-7 class
ships.

FFG-7 CLASS CCS OPERATIONS

On the FFG-7 class ships, the CCS is the main
operating station. Most of the engineering plant
machinery can be controlled and monitored from this
station. The CCS is designed for remote monitoring and
control of the engineering plant with a minimum of
personnel. The major consoles of the engineering plant
on the FFG-T7 class ships are the PCC, EPCC, and ACC.
The PCC provides all controls and displays needed to
operate the GTEs and their associated auxiliary and
support systems. The EPCC provides control of the
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diesel generators and the electrical distribution
equipment. The ACC controls and monitors 15
auxiliary subsystems. In the following paragraphs, we
will briefly discuss the operation of these consoles.

PCC

The PCC, located in the CCS, is the primary
propulsion plant operating station on the FFG-7 class
ships. The PCC provides all the controls and indications
required to startup and shutdown the propulsion system
and its related auxiliaries. It also provides the controls
and indications to operate the propulsion control system
(PCS) in the programmed control mode or the remote
manual control mode. The PCC contains the signal
conditioning, logic, and multiplexing circuits, and the
processor for the PCS. Notice inl figure 3-9 how each
section of the PCC is dedicated to particular types of
control and monitoring. In the following paragraphs, we



will briefly discuss some of the major control and
monitoring systems.

Fuel Oil service System

The fuel oil service system supplies fuel to the
GTEs. The control and monitoring functions available
at the PCC can be divided into two major categories: (1)
fuel oil service and (2) GTM fuel oil. Together they
function to deliver fuel oil at the proper pressure and
temperature to the individual propulsion GTEs.

The following eight fuel oil service monitoring and
control functions are available at the PCC:

1. Fuel oil service tank level monitoring

2. Fuel oil service tank suction and return valves

monitoring and control
Service pump suction valve monitoring
Service pump control and monitoring

Service pump discharge valve monitoring

S

Fuel oil heater discharge temperature
monitoring

Fuel oil prefilter strainer differential pressure
monitoring

Fuel oil filter/separator differential pressure
monitoring

The following three GTE fuel oil monitoring and
control functions are available at the PCC:

1. Emergency fuel supply valve monitoring
2. Supply cutoff valve control and monitoring
3. Fuel supply pressure monitoring

PCC control of the fuel oil service system consists
of remote control of the suction and return valves and
automatic or remote manual control of the fuel oil
service pumps.

The suction and return motor-operated valves are
electrically connected so when the tank suction valve is
opened, the return valve also opens. An OPEN/CLOSE
alternate-action push button controls the valves from the
PCC. The split-legend indicator provides the OPEN or
CLOSE status of the valves.

The fuel oil service pump operation can be
controlled at the PCC in either the auto speed advance
or the manual mode. The operator selects low speed,
high speed, or stop by depressing the corresponding
switch in the manual mode. The pump will advance from
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low speed to high speed if the pressure is below 40 psig
and in the auto advance mode. The operator must
manually reset the pump to low speed.

The fuel pressure entering the GTE is monitored on
an edgewise meter located on the PCC. The supply
cutoff valve control at the PCC is provided by an
alternate-action switch. his switch is inoperative when
local lockout is in affect. The fuel oil supply cutoff valve
is a normally-closed, energized-open valve that fails to
the closed position upon loss of power. A split-legend
indicator on the PCC provides the status of the fuel
supply cutoff valve.

The gas turbine emergency supply valve is a
normally-open, energized closed valve that fails to the
open position upon loss of electrical power. A
split-legend indicator at the PCC provides the status of
the emergency fuel supply valve.

Lube Oil System

The reduction gear lubricating oil service system
consists of two main parallel branches, each containing
a pump and a relief valve. An air motor drives a
coastdown pump that provides lube oil automatically
upon loss of electrical power to both lube oil pumps.

The right most panel on the PCC center section is
the auxiliary panel that provides the control and
monitoring for the MRG lube oil system. The normal
pump assignment signal to the indicator on the PCC
comes from the position of the local transfer switch at
the lube oil service pump control station. The manual
mode requires the operator to start, stop, or change
speeds of the normal and standby pumps. The auto speed
advance mode increases the speed of the normal pump,
starts the standby pump, and increases the speed of the
standby pump to maintain lube oil pressure. Lube oil
pressure is monitored at the most remote bearing for the
auto speed advance mode. The auto speed advance
mode has no control features, however, to reduce the
speed or stop either pump. Reducing the speed or
stopping either pump is a manual operation, regardless
of the position of the mode switch.

The PCC propulsion control panel provides a mimic
layout of the MRG with 29 indicators representing the
28 gearbox bearings and the one line shall bearing. All
the bearing temperature alarms are set at 20 degrees
above the maximum full power builder trial data
specified for each ship.



Air System

There are three main air systems associated with the
start air for the GTEs: (1) the bleed air system, (2) the
high-pressure air system, and (3) the emergency start air
system from the start air compressors (SACs). The
SACs are driven by the diesel generators.

The bleed air system provides air for starter air,
masker air, prairie air, and anti-icing air. The bleed air
system can be supplied by either of the running GTEs.
An electric motor-operated bleed air valve is located in
each bleed air line inside the module enclosure. The
operator at the PCC can open and close this valve by
using the BLEED AIR VALVE OPEN/CLOSE
push-button indicating switch. The bleed air lines will
direct the bleed air to both the anti-icing system
associated with the respective GTE and the check valve
leading to the bleed air system header.

Each gas generator provides the bleed air for
anti-icing for its associated intake system and intake
plenum. At the PCC, the operator can use the control
alternate-action push-button switches and split-legend
indicators to control the solenoid-operated bleed air
shut-off valve and the motor-operated anti-icing valve.
The anti-icing system splits into two branch lines. One
line is for downstream of the moisture separators with a
manual valve that is normally open. The other line is for
anti-icing upstream of the moisture separators with an
isolation valve that is normally closed.

GTE Control System

At the PCC, the operator can use a three-position
switch to select the following three modes: (1) OFF
LINE, (2) MANUAL, and (3) AUTOMATIC. The
engine 1A and 1B start panels are mirror images of each
other. They provide the same controls and indicators
presented in the following four subsystems:

1. Pre-start status

2. Starting systems

3. Engine water-wash group
4. Sequencer mode switch

The off-line auxiliary mode is used for motoring and
maintenance. In the off-line mode, the fuel and ignition
cannot be enabled simultaneously. Tests of either the
ignition or fuel control system without starting the GTE
is accomplished in the off-line mode. An engine water
wash is also accomplished in this mode.
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A manual mode of starting the GTE from the PCC
is available provided the 18 permissive conditions
required are satisfied. The READY TO START
indicator illuminates when all 18 pre-start permissive
conditions are met. The STARTER ON momentary-
action push button will begin the manual starting
sequence. The command to the start/stop sequencer
located in the FSEE enables the starter to turn the gas
turbine. The start/stop sequencer provides the time
sequence and engine parameters for information only,
The IGNITION ON and FUEL ON push-button
switches on the PCC must be manually operated to
provide the commands.

The automatic (program) mode starts the associated
GTE with automatic timed commands from the
start/stop sequencer in the FSEE. The same permissive
as in a manual start must be satisfied before the engine
can be started. The auto sequence START push button
initiates the auto start command to the start/stop
sequencer. The start/stop sequencer that initiates the
IGNITION ON and FUEL ON commands as acceptable
parameters are detected by the FSEE.

Three different methods for securing a GTE are
available at the PCC: (1) normal stop, (2) manual stop,
and (3) emergency stop. The engine will also be shut
down automatically either during a start sequence or
while running if certain faults are detected.

To initiate a normal stop, the operator can use either
the programmed control mode or the manual control
mode. The operator must use the manual stop, however,
if control was transferred from the local operating panel
(LOP) to the PCC after the engine was started. The
operator initiates a normal stop by depressing the
NORMAL STOP alternate-action push-button switch. A
normal stop can be aborted at any time before the
automatic fuel shutdown valve closes by advancing the
gas generator speed above idle.

The operator can initiate a manual stop in either the
programmed control mode or the remote manual control
mode. Before initiating a manual stop, the operator
should make sure the gas generator is run at idle speed
for 5 minutes. This precaution allows the engine parts
to cool evenly. A manual stop uses the circuitry in the
start/stop sequencer to stop the GTE. To provide the
manual stop command, the operator depresses the
MANUAL STOP push-button switch. This action
causes both automatic fuel shutdown valves to close.

The operator can initiate an emergency stop at any
time, in any control mode, and without regard as to
which console has GTE control. The EMERGENCY
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STOP OVERRIDE switch at the LOP must not be used
to accomplish an emergency stop at the PCC. The
emergency stop command causes the circuitry in the
LOP and FSEE to immediately de-energize the POWER
TURBINE OVERSPEED TRIP switch. This action will
cause both automatic fuel shutdown valves to close and
latch. This will shut down the GTE.

EOT Control System

The EOT control system on the FFG-7 class ships
is a standard Navy installation. The EOT provides an
electromechanical communication system between the
bridge and the PCC. The EOT on the PCC is located on
the lower or propulsion control panel and provides
continuous position indication. The EOT also provides
signals to the discrete multiplexer, which are inputs to
the PCS bell logger program.

The EOT is used to relay standard orders from the
bridge to the PCC. When the bridge orders a change of
speed, one of the pointers in the EOT will point to the
requested speed. The PCC operator acknowledges the
order by moving the other pointer to match the bridge
pointer. This is done by using the knob below the EOT.
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Throttle and Pitch Control System

The throttle and pitch control system provides
control of shaft speed and propeller pitch. The control
system can be operated in three modes: (1) local manual
control, (2) remote manual control, and (3) programmed
control.

The propulsion control system can be operated in
the manual control mode from the PCC or the LOP. The
programmed control mode is the primary mode of
operation and is initiated from the PCC or SCC. The
relationship between the pitch and throttle is
automatically scheduled by the PCS in the programmed
mode.

You have just read about the controls available at
the PCC. Now, let’s look at the controls available at the
EPCC.

EPCC

The EPCC contains the controls and indicators that
are used to remotely operate and monitor the ship’s
service power generation, distribution, and related
support systems. As shown i each panel
incorporates a variety of control and monitoring
devices. These are alarm and status indicators, generator
status, mimic and distribution control, and plant system



control. In this section, we will briefly discuss the
following control systems that are operated from the
EPCC:

1. Diesel control and monitoring

2. Generator monitoring and control

w

Switchboard and distribution monitoring and
control

Shore power monitoring and control
Engine fuel service system

Auxiliary fuel service system

S

Jacket water system
Supervisory control system (SCS)

Again, refer to the EOSS, EOP, and appropriate
technical manuals for a detailed description of these
systems.

Diesel Control and Monitoring

Each ship’s service diesel generator (SSDG) has
sensors to provide remote monitoring of the diesel
engine and generator. The sensor information can be
viewed either on meters or the DDI. Sensor signals are
of two types: analog and discrete. Analog signals
represent parameters such as fuel levels, temperature,
pressure, or rpm. Discrete signals indicate the
occurrence of an event, such as a breaker open, breaker
closed, motor running, or motor not running.
Commands are control outputs from the EPCC, and
some action is expected in response to these signals.

The EPCC monitors several conditions of the SSDG
and displays them in several ways. The EPCC monitors
the diesel for the following conditions.

® Engine fuel tank level, fuel pressure, and return

temperature

SSDG manifold pressure
Diesel fuel temperature
turbocharger air pressure

SSDG lube oil discharge pressure, temperature,
and sump level

® Engine speed and exhaust temperature

Alarms on the EPCC are of two types: hardwired
and processor generated. Hardwired alarms come
directly to the alarm display unit; they sound an alarm
and light a lamp. The operator can cancel the sound by
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depressing the ALARM ACKNOWLEDGE push
button. There are two levels of audible alarms at the
EPCC. The first level is a horn that signifies a problem
that requires immediate action to prevent damage or loss
of power. The second level is a bell for a problem that
needs correction as soon as practical.

The EPCC controls the diesel for start-up and
shutdown. The SSDG can be shut down either under
normal or emergency conditions. Under emergency
conditions, some diesel functions must be reset. Once
the generator set is running, the EPCC controls what
type of voltage regulation will be used and how the
governor will control SSDG speed and load. The
processor in the EPCC can control the operation of the
SSDG when the AUTO mode is selected.

The EPCC operator can start the generator set if the
LOCAL/REMOTE switch is ON and all safety
conditions are met. Starting from EPCC can be
automatic or manual. As engine speed builds up, a fuel
pressure switch opens and de-energizes a pilot cracking
relay. Once the engine is started and engine speed starts
to pick up, the governor will maintain SSDG speed.
Initially the speed is controlled by the mechanical
governor until the limit setting is reached. Then, as
generator voltage builds up, the electrical governor
takes over control. Although 115-volt ac power is
required for this start sequence, the start can be
accomplished manually.

Under normal conditions, the operator can stop the
engine by pushing the engine STOP push button on the
local panel or depressing the remote PRIME MOVER
STOP push button on the EPCC. During this stop
sequence, the governor actuator is disconnected from
the governor control circuit. Dropping resistors apply a
fixed voltage into the governor actuator, causing it to go
to the shutdown mode. As the engine loses speed, the
fuel pressure drops and opens a switch that deactivates
the shutdown condition.

The operator can initiate an emergency stop at the
EPCC by depressing the EMERGENCY STOP push
button. This is the same sequence as the normal
shutdown, except the air intake system is closed off by
activating the engine air box relay. After an emergency
stop, the operator must manually reset the air intake
solenoid. Until it is reset, an engine-mounted shutdown
lockout switch will inhibit the engine from being started.

Generator Monitoring and Control

The generator section of each SSDG is monitored
for control and synchronizing. Transducers pick up



parameters that need to be monitored and send them up
to the EPCC. The parameters are processed by the DDI,
the SCS, and alarm circuits and gauges.

At the EPCC, the operator can obtain current,
voltage, frequency, and power readings by dialing in the
appropriate address on the DDI or by reading the
parameters directly off meters on the EPCC. Stator
temperature is monitored for each phase of the
generator. This is the only meter on the EPCC that reads
out in degrees centigrade rather than degrees Fahrenheit.
The status of the voltage regulator and fields exciter is
indicated on the EPCC by two green lights, one for
manual mode and the other for automatic mode. Two
more green lights on the EPCC monitor the state of the
differential or droop selector.

The generator can be controlled through the
governor system, the voltage regulator, and the
synchronizer. The voltage regulator is used to vary the
field excitation that, in turn, controls the speed of the
generator.

The governor controls the generator set in two
different modes: isochronous and droop. The
isochronous mode is used to share the loading on
generators and to keep a constant speed or frequency.
The amount of fuel to the diesel determines the load each
generator can carry. In the droop mode, the frequency
will vary as the load is changed, but only within
predefine limits. This predefine area of droop is 0 to
6 percent of the bus frequency. The operator can control
the frequency of a generator manually from the front
panel of the EPCC. Using the increase/decrease knob
will change the frequency higher or lower, when the
operator needs to match a generator to a bus to parallel
it.

The voltage regulator controls the generator output
through the field excitation. The voltage can be
controlled from the respective switchboards, except
switchboard No. 4. Switchboard No. 4 is in the same
space as the EPCC and has the MANUAL voltage
control on the EPCC panel. The manual preset
potentiometer on switchboard No. 4 at the EPCC gives
the field excitation circuit a reference from which to
work. The second mode is the AUTOMATIC mode. The
voltage regulator AUTO ADJUST potentiometer on the
EPCC can raise or lower the voltage by controlling a
motorized potentiometer on the generator set. The
motorized potentiometer sets a limit for field excitation
and voltage output. If the voltage goes up, feedback
causes the field excitation to drop, bringing the voltage
back into tolerance.
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Switchboard and Distribution
Monitoring and Control

Power from the generator is monitored, controlled,
and distributed through a system of meters, electronics,
and circuit breakers. Under automatic operation, the
EPCC can perform all three functions through the
procesor software programs.

The circuit breaker status of each SSDG is
monitored for the generation, bus tie, and load shed
circuit breaker position. The EPCC will illuminate a
status indicator if the circuit breaker at the switchboard
is different from the switch position at the EPCC. Vital
power circuit breakers, such as fire pump controls, are
monitored at the EPCC on the vital power feeder circuit
breaker status panel.

The main breakers for the generator set, load
shedding, and bus ties are monitored on the EPCC.
Other circuit breakers can also be monitored, such as
those in the radar room or seawater pump. These circuit
breakers are monitored but not controlled from the
EPCC. Power supplies, including the uninterruptible
power supplies (UPSs) and the console heaters, can also
be monitored. The total output for the ac generation
system is monitored for frequency, voltage, and current.
Individual bus ties can be monitored for current loads.
The operator uses the rotary switch on the EPCC to
select each bus tie.

The generator can be taken off the line if REMOTE
control is given to the EPCC and the generator switch is
turned to the TRIP position. The switch will work in the
CLOSE position only if the paralleling mode switch is
in the BYPASS or PERMISSIVE position and the
generator switch is at the BUS position. The
PERMISSIVE mode permits manual closure of the
breaker only when the automatic paralleling device
(APD) senses the generator is in synchronization with
the power bus. The BYPASS disables the APD so
synchronization has to be accomplished manually, The
generator breaker is closed manually by the operator.

The load shed circuit breaker can be opened and
tripped by the EPCC operator when the EPCC is in the
REMOTE mode. This circuit breaker can be either
manually or automatically tripped. When an overload
condition is sensed, the sensors from the generator bus
will trip all the load shed circuit breakers. This action
will remove the nonvital bus from the bus ring.

The manual voltage control for the No. 4
switchboard is on the EPCC since the switchboard and
EPCC are both in the CCS. The No. 4 switchboard does



not have a remote control mode, therefore, there is no
LOCAL/REMOTE indicator on the EPCC for this
switchboard.

Shore Power Monitoring and Control

The EPCC can monitor the seven breakers
connected to shore power. At the EPCC, the operator can
trip all seven breakers by using the TRIP lever. Current
from the shore power source is monitored on a meter
that reads up to 3,000 amperes. Each of the seven
breakers can handle 400 amperes. The status of each
breaker is indicated at the EPCC by an illuminated blue
light indicator. The EPCC only controls the transfer of
shore power to ship’s power. The transfer of ship’s
power to shore power can only be accomplished by the
3SA switchboard.

Engine Fuel Service System

The EPCC provides for remote monitoring of the
SSDG’s fuel service system. Alarms at the EPCC
activate when the fuel tank level is beyond the high level
of 90 percent of tank capacity or lower than the low level
of 20 percent of capacity. Engine fuel discharge pressure
and manifold pressure are monitored by the EPCC
through the SCS. Engine fuel discharge pressure is
displayed on edgewise meters on the EPCC front panel.
To avoid transient alarms, the SCS provides a 16-second
delay on the level indicating alarms. We will take a
closer look at the SCS later in this chapter.

Auxiliary Fuel Service System

The EPCC controls the suction valves for each of
the six auxiliary fuel tanks. The EPCC operator can
control which tank is used to supply SSDG No. 4 or
SSDG No. 1 since they each have two tanks. The SSDGs
No. 2 and No. 3 share two day tanks; therefore, the
EPCC operator can only open or close the tanks. The
EPCC operator cannot transfer fuel to the day tanks.
This transfer must be done locally in auxiliary room
No. 2.

Jacket Water System

The jacket water system provides cooling water to
the jacket of the diesel engine and acts to cool the
lubricating oil. Each engine is served by its own jacket
water system. The water is circulated through each
system by a centrifugal pump that is a part of the diesel
engine.

3-28

Two resistance temperature detectors (RTDs) are
provided in the jacket water outlet line from the diesel
engine. One detector provides a signal to the EPCC to
provide continuous display and to actuate a HIGH
TEMPERATURE audible and visual alarm. The second
detector supplies a signal to an indicator mounted on the
diesel engine gauge board. A temperature switch is also
located in the diesel engine jacket water outlet piping.
The switch energizes a high temperature alarm on the
local switchboard.

A pressure transducer, located at the discharge of the
jacket water pump, provides a signal to the EPCC for
demand display readout. The expansion tanks have both
a liquid level gauge and a low level alarm. The low level
alarm energizes an audible and visual alarm at the EPCC
when the level drops to 7 1/2 gallons.

The EPCC controls the flow of seawater to the
jacket water system by opening or shutting the
motor-operated valve leading from the seawater chest.
A dual-illuminated indicator on the EPCC monitors the
OPEN or SHUT condition of the seawater valve. The
discharge of seawater, after it has picked up heat from
the jacket cooler, is routed to the overboard valve. The
EPCC has the control and monitoring functions
associated with this discharge.

Supervisory Control System

The program module for the SCS monitors the
electric plant for failures or degradation of performance.
The program either initiates corrective action or alerts
the operator to take corrective action. The supervisory
control is executed during the allotted 50-millisecond
interval of every 200-millisecond program cycle when
the supervisory control mode switch is in the AUTO
position. When executed, this function reads the
SHORE POWER indicator, the supervisory control
mode, and each SSDG control mode. If the electric plant
is on shore power, i f the supervisory control mode is off,
or if all SSDGs arc in the local control mode, control is
returned to the executive control program. Otherwise,
the status of each SSDG is established, and a bit pattern
is generated to identify the SSDG status and those
SSDGs operating in parallel. Each SSDG status is
recorded in a 16-bit computer word and updated each
program cycle. You should refer to the appropriate
technical manual for a detailed discussion on the SCS.

Now that you have read about the PCC and EPCC

controls for FFG-7 class ships, let’s take a look at the
controls at the ACC.
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ACC

The ACC, shown in figure 3-11, controls and
monitors 15 auxiliary subsystems and interfaces with
the software program of the EPCC. This interface
provides for demand display readout, alarm
monitoring, and the logging of data on the data
logger. Controls and indicators are arranged on the
ACC in a logical manner to help the operator relate
the panel control and monitoring functions to the
location of the auxiliary systems in the ship.

There are 15 specific auxiliary subsystems
interfacing with the ACC. These 15 subsystems are as
follows:

1. Machinery space ventilation

2. Fuel fill, transfer, and purification

3. Chilled-water circulation

4. Waste heat water circulation

5. Compressed air plants

6. Main engine starting air

7. Potable water

8. Fill valves

9. Distilling plants

10. Saltwater service system

11. Drainage system

12. Masker, prairie, and bleed air

13. Sewage disposal system
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14. Refrigeration system
15. IC/SM - Summary alarm

In this chapter, we will only mention these
systems. For a detailed description of these systems
and the associated controls and indicators, refer to
GSE3/GSM3, Volume 2, NAVEDTRA 10564.

The parameters that are considered critical are
continuously displayed on the ACC for operator
monitoring. The parameters that are not considered
to be critical are available to the operator. For these
parameters, the operator uses the thumbwheel switch
assembly to enter a specific code for the desired
parameter. This assembly is located next to the
alphanumeric demand display. In addition to the
auxiliary system parameters, all electrical system
and propulsion system demand display parameters
can be selected at the ACC.

The ACC interfaces with the data processor in the
EPCC to exchange information. Three of the primary
functions performed by this interface are as follows:

1. Processing of the discrete and analog data to
provide a backup for alarm detection

2. Processing of data for output to the demand
display at the ACC

3. Data logging through communications with
the data processor in the PCC

Each of these functions is under the control of the
electric plant and auxiliary control system software
program. This program is stored in the EPCC data
processor memory. Data is transferred from the
EPCC



to the ACC over digital data lines that connect the digital
transmitter circuits with the digital receiver circuits in
the ACC. This EPCC output data consists of address
information for both input and output data transfers and
digital data that drives the DDIs on the ACC.

We have now discussed the CCS operations for
DD-963, DDG-993, CG-47, and FFG-7 class ships. If
you have questions concerning the basic operation of
any of the consoles, we suggest you review the
appropriate sections. For detailed information on any of
these consoles, you should consult the appropriate
EOSS and technical manuals.

ENGINEERING CASUALTY CONTROL

The mission of engineering casualty control is to
maintain engineering services in a state of maximum
reliability under all conditions of operation. In the CCS,
casualty control includes both machinery and electrical
casualty control. Efficient CCS casualty control is the
result of effective personnel organization and training.
Remember, your ability to detect and identify signs of
initial trouble in your ship’s engineering equipment is
based on how well you have familiarized yourself with
engineering plant operations.

The details on specific casualties that can occur in
the CCS of a gas turbine-powered ship are beyond the
scope of this TRAMAN. For detailed information on
casualty control, you should refer to the engineering
operational casualty control (EOCC) portion of the
EOSS. The EOCC contains information you can use to
recognize casualty symptoms and identify their
probable causes and effects. The EOCC contains
information on the actions you can take to prevent a
casualty and the specific procedures your ship should
use to control single- and multiple-source casualties.
The EOCC manuals are available at each watch station
in the CCS for self-indoctrination. These manuals
contain official documentation to assist engineering
personnel in developing and maintaining maximum
proficiency in controlling casualties to the ship’s
propulsion plant.

In the CCS, the speed with which a corrective action
can be applied to an engineering casualty is frequently
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of paramount importance. This is particularly true when
casualties might affect propulsion power, steering, or
electrical power generation and distribution. If
casualties associated with these functions are allowed to
increase, they may lead to serious damage to the
engineering plant. When possible risk of permanent
damage exists, the commanding officer has the
responsibility of deciding whether to continue operation
of the affected equipment under casualty conditions.

Although speed in controlling a casualty is essential,
corrective actions should never be undertaken without
accurate information; otherwise, the casualty may be
mishandled, and irreparable damage and possible loss
of the ship may result. Speed in the handling of
casualties can be achieved only by a thorough
knowledge of the equipment and associated systems and
by thorough and repeated training in the routines your
ship requires to handle specific predictable casualties.

SUMMARY

This chapter has provided you with a variety of
information you can use to become an efficient gas
turbine specialist. In this chapter, we discussed various
engineering control system operations found on the
DD-963, DDG-993, CG-47, DDG-51, and FFG-7 class
gas turbine-powered ships. We described the methods
these systems use to exchange and process the
information necessary to control a gas turbine
engineering plant. This chapter also discussed some
basic operational procedures performed at the consoles
located in the CCS.

As you advance in the GS rating, your
responsibilities for the engineering control system and
its operation will increase. The information provided in
this chapter should help you further understand the
electrical and electronic interfaces provided by the
engineering control systems. In this chapter, we also
referred you to other publications that will give you a
more in-depth explanation of the material we have
covered. You should study them to become a more
proficient and reliable technician.



CHAPTER 4

ENGINEERING SUPPORT AND AUXILIARY
EQUIPMENT AND SYSTEMS

As a GS or even an engineer, you should know the
important role the engineering auxiliary equipment and
systems play in the overall operations of the ship. Even
though most of the support and auxiliary equipment are
located in the engineering spaces, their systems extend
throughout the ship. For the most part, you and your
shipmates may forget what services this equipment and
these systems provide until your telephone rings and the
captain is on the line telling you he has soap in his eyes
and hair and no water to rinse with. As a GS, you are not
directly responsible for the making and distribution of
fresh water. You are, however, responsible for the
production of the steam or electricity that is needed to
operate the distilling plants.

This chapter will provide you with some basic
component descriptions for support and auxiliary
equipment and their systems. It also will discuss
operations, system interaction, and maintenance
requirements. Because of the similarities in the
equipment, system designs, and service requirements,
all the topics in this chapter will be discussed in general
terms.

OPERATION AND MAINTENANCE OF
SUPPORT AND AUXILIARY
EQUIPMENT

The proper operation of and good maintenance
practices for the support and auxiliary equipment should
be high on your list of priorities. Your attention to these
priorities should minimize the need for telephone calls
like the one we just described. In this section, we will
highlight some of the operational and maintenance
requirements that are crucial to the efficient
performance of the support and auxiliary equipment.

LOW-PRESSURE AIR COMPRESSORS

Basically, the reciprocating and helical screw are the
two types of low-pressure air compressors (LPACs)
used on gas turbine-powered ships. The helical-screw
type is the most widely used. It is rated at 100 c¢fm and
is installed on the CG-47, DDG-51, and FFG-7 class
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ships. The reciprocating type is rated at 200 cfm and is
installed on DD-963 and DDG-993 class ships.

There are two LPACs installed on the DD-963,
DD-993, and FFG-7 class ships. Because of the ship
size, lower compressor capacity, and air volume
demand, there are three LPACs installed on the CG-47
and DDG-51 class ships.

Normal Operation

Gas turbine-powered ships will normally have at
least two LPACs aligned for operation to provide
low-pressure air for maintenance, service, control,
pneumatic power, and other utility purposes. For those
ships with only two compressors, the normal alignment
is to have one unit in constant run and the other in
standby. However, if one unit is out of commission, then
only one unit will be available.

For those ships with three compressors, normal
operations will have the cutout pressure switches set at
125 psig, 120 psig, and 115 psig. The compressor run
status will depend on the pressure cutout selection. For
example, the compressor set at 125 psig will be in
constant run. The unit set at 120 psig will be designated
as intermittent. The third unit, set at 115 psig, will be in
emergency standby.

Even though multiple units are installed on gas
turbine ships, they may not all be needed during routine
operations. During normal operations, one compressor
will usually provide sufficient air to supply the system.

Each LPAC has its own low-pressure air subsystem.
Each subsystem consists of the LPAC, a dehydrator, and
a main receiver. When in operation, each LPAC system
supplies air to a common vital air piping header. This
header usually runs longitudinally near the centerline of
the ship. The mission-essential equipment services are
isolated from the nonessential services by two priority
valves, which actuate at 85 psig. These priority valves
do not operate very frequently—only when they are
needed. For example, if a large leak develops in the air
system, the priority valve will activate to maintain
sufficient operating air pressure to mission-essential
equipment. If the leak becomes too large for the priority



valve to handle, HP air can then be aligned through a
reducing station to supplement the LP air system.

Maintenance

Because of the wide range of use, proper
maintenance of the LPACs is extremely important. All
of the maintenance requirements are really very easy to
accomplish. Even though these requirements may seem
easy and almost insignificant, you should not
underestimate their importance. If these procedures are
not performed correctly and in a timely manner,
long-range detrimental effects on the equipment will
result. Always use the PMS when accomplishing
maintenance on LPACs. Remember, the PMS is only
sufficient to meet the minimum requirements. As a GS,
you must be aware of the more extensive requirements
that may be required by your type commander.

Troubleshooting

Generally, as the operator you will not be equipped
to correct all malfunctions; however, you should be able
to identify them when they occur and make a
preliminary diagnosis of the probable cause. There are
occasions when a malfunction can be caused by one or
more possible faults. Using fault logic diagrams and
flow charts, you should be able to investigate, isolate,
and correct a malfunction with a minimum amount of
compressor downtime. When you encounter troubles for
which the possible causes are not readily adaptable to a
fault logic diagram, you can usually find specific
explanations in the applicable manufacturer’s technical
manual.

In the following paragraphs, we will discuss some
common problems that may occur to both types of
LPACs and some key points to help you identify them
and minimize equipment downtime. If we state a
problem or possible cause that refers to a specific LPAC
type or model, we will indicate the type of model in
parentheses.

COMPRESSOR WILL NOT START IN
MANUAL MODE.- Check the following components
for the possible cause of this malfunction:

1. Power switch—Is it operational?

2. Fuses—Are they blown?

3. Last shutdown—Was the last shutdown an
automatic safety shutdown?

4. Control panel-Do the failure indicating lights
illuminate when start-up is initiated
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5. Air receiver pressure—Is it below the falling
pressure set point, as it should be?
COMPRESSOR RUNS ONLY FOR A SHORT
PERIOD.- Examine the following conditions as the
possible cause:
1. Compressor runs for 5 seconds or less—Is the

water in the separator holding tank too low?
(Screw-type LPAC)

2. Compressor runs for only 5 to 12 seconds—
Check for the following conditions (screw-type
LPAC):

a. Oil pressure-Is it too low?

b. Injection water pressure-Is it too low?

c. Compressor—Is it running in the wrong
direction?

3. Compressor runs for only 12 to 15 seconds-Is
the oil pressure 100 low? (Reciprocating-type
LPAC)

COMPRESSOR DOES NOT AUTOMATI-
CALLY UNLOAD OR STOP.- Check the following
components for the possible cause:

1. Receiver air pressure switch-Is it operating? Ig

it at the proper setting?
. Compressor air intake butterfly valve-Is it
closing properly? (Screw-type LPAC)
3. Ten-minute unloaded run timing relay-Is it
operational? (Screw-type LPAC)
Unloading solenoid valve-Is it operational?

(Reciprocating-type LPAC)

COMPRESSOR DOES NOT AUTOMATI-
CALLY START OR LOAD.- Check these

components:

1. Receiver pressure switch—Is it operational? Is it

at the proper setting?

2. Compressor air intake butterfly valve-Is it
opening properly? (Screw-type LPAC)

3. Unloading solenoid valve-Is it operational?
(Reciprocating-type LPAC)

AIR PRESSURE IS TOO HIGH AND
RECEIVER RELIEF VALVE IS OPENING.- Check

the following conditions:

1. Relief valve-Is it set incorrectly? Is it defective?



2. Valve alignment—Are the valves properly
aligned? Could the receiver discharge valve be
closed?

AIR PRESSURE IS TOO LOW.- Check for the
following conditions:

1. Excessive usage or system leaks—Are system
leaks causing excessive use of air?

2. Relief valves—Is there evidence of premature
opening or leak-by?

3. Automatic blowdown valves—Is there evidence

of leak-by?
4. Injection water pressure—Is it low? (Screw-type
LPAC)
ABNORMAL NOISE.- Check for the following
conditions:

1. Compressor air inlet-Is there insufficient air? Is
the filter blocked?

2. Compressor—Is it rotating properly?

3. Drive coupling-Is it defective? (Screw-type
LPAC)

4. Drive belts—Are the drive belts hose? Are they
defective? (Reciprocating-type LPAC)

5. Bearings—Are the bearings defective in either
the motor or compressor?

LOW OIL PRESSURE.- Check the following
components and conditions:

1. Oil pump suction piping—Are there loose
connections?

2. Oil pressure gauge-Is it faulty?

3. Oil level dipstick—Is the oil level below the low
mark on the dipstick?

4. Oil pump relief valve-Is this valve faulty?
5. Oil pump-Is it defective?

Even though the problems we listed are not
all-inclusive, they are probably the most reoccurring
problems you will face.

Overhaul and Repair

The overhaul and major repair of an LPAC is
usually performed by a ship’s repair facility. An
emergency situation, however, may require your
ship to perform major repair work on the
compressor. Normally, the compressor will be
replaced from a pool of reconditioned units. The
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old units will be removed and replaced during a
ship repair availability (SRA) or overhaul. As a
GSM, you will be limited primarily to the
performance of general maintenance (PMS) and
minor repairs. In the following sections, we will
take a look at some of the components you will
need to maintain.

AUTOMATIC CONTROL VALVES AND
ASSOCIATED COMPONENTS

Even before the conception of the gas turbine-
powered ship, the Navy was using automatic
control valves and automated components. The
need to develop better and more reliable auto-
matic systems came into play with the
introduction of the unmanned engine room
concept to be implemented on gas turbine-
powered ships.

In every gas turbine-powered ship, automatic
control valves and their associated components
play a very important role in the operations of the
engineering plant. There is at least one automatic
control valve installed in every system in the
engineering plant. There arc so many different
types of automatic valves, however, we must limit
our discussion to some of the most prominent valve
types and their various applications, such as
controlling a tank liquid level, LO temperature, and
LO pressure. For the remainder of this section, we
will discuss some of the uses, operations, and
maintenance of these valves and their associated
components.

Normal Operation

In any system, the type of valve used is normally
determined by the needs of the system. We will talk
about some of the more commonly used valves and their
design and normal operating characteristics.

AUTOMATIC TEMPERATURE CONTROL
VALVES.- An automatic temperature control valve is
installed in the MRG LO system of a gas
turbine-powered ship to maintain the oil temperature
within safe operating limits. The type of valve used for
this purpose is of the same basic design for all classes
of gas turbine-powered ships. The valve is
pneumatically operated via an externally mounted air
pilot controller. To function properly, the valve must first
receive the proper command air signal from the air pilot
controller. In fact, without the proper command air
signal from the controller, the valve is worthless.



Figure 4-1.-Bimetallic temperature pilot
controller.

The externally mounted temperature pilot
controller shown in is used in most gas
turbine MRG LO systems. It receives inputs from the
increasing or decreasing length of the bimetallic
sensing element, as shown in detail in[figure 4-Z,| The
sensing bulb is installed in the MRG LO cooler outlet
piping where it senses the oil temperature before the
oil enters the MRG. The tube, which is fixed at one
end, expands and contracts with temperature
changes. Since there is a difference in the coefficient
of expansion between the tube and the Invar rod,
temperature changes at the tube will create
movement of the rod. The movement of the rod is
transmitted and amplified by a lever that contacts the
diaphragm assembly. As the rod moves, it regulates
the amount of air pressure that is sent to or bled off
the automatic control valve. For example, if the
controller shown in [figure 4-2 should sense an
increase in liquid temperature, it will cause the tube
to lengthen, allowing a downward movement of the
rod, which, in turn, will increase airflow to the
automatic control valve. Consequently, a temperature
increase will cause the automatic control valve to
open, thereby increasing the cooling medium or the
oil flow (depending on system design) through the
cooler.
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Figure 4-2.-Detail drawing of a bimetallic
temperature pilot controller.

NOTE

Remember, our description of this operation
pertains only to the controller shown ih figure 4-2.]
Normally, most automatic temperature control
valves used for cooling will fail to the open
position. Our description and the controller shown
in[figure 4-2]are intended to provide you with a
basic example of controller operation.

VALVE ACTUATORS.- As well as automatic
control valves, there are several types of valve
actuators. Many actuators are pneumatic, such as the
one in the automatic temperature control valve we
just described. Some valve actuators are mechanical.
A large number of valve actuators you will encounter
are electrical (solenoid type).

The mechanical actuators, either spring-loaded or
manual, are stand alone operators or are sometimes
used



to override a pneumatic or electrical type of actuator
in the case of an actuator or control valve failure. For
example, the steam diverting valve used on the CG-
47 and DD-963 class ships has a valve handwheel.
The handwheel is coupled directly through the
diaphragm to the valve stem to allow for manual
operation of the valve.

MECHANICAL LINKAGES.- The purpose of
valve operator mechanical linkages is to connect
remotely positioned valves with an operator
handwheel by a series of rods (linkages) or a flexible
cable. Valve operator mechanical linkages are needed
to control hard-to-inch valves, such as those located
in the bilge area or the overhead. With proper
maintenance and upkeep, these mechanical operators
serve as real time savers.

Now that we have discussed some of the automatic
control valves in terms of their basic operations and
components, let’s talk about how you will be required
to test, inspect, and maintain them.

Tests and Inspections

In this section, we will briefly discuss some of the
tests and inspections you may be required to perform
on the various types of control valves and other
associated components. Normally, you will conduct
periodic tests and inspections when the component is
operating or according to approved maintenance
procedures, such as the PMS.

LEVEL CONTROL VALVES- In testing and
inspecting level control valves, you will sometimes
require the assistance of a GSE. If the test or
inspection pertains only to the valve itself or if the
sensing features of the system are mechanical, such
as those on the WHBs, then you will be able to
complete the checks on your own. If the operation of
the tank level sensing system you must test or
inspect is electrical, however, then you will need the
assistance of a GSE.

Frequently, you will inspect the operation of a
level control valve during normal operation. You will
normally perform tests on this valve during a
training evolution or a propulsion plant inspection, or
when you are planning to perform general
maintenance. Regardless of the circumstances, you
must perform your inspections and tests of these
valves according to the PMS or other authorized
procedures just as you would for any other test or
inspection you are required to accomplish.

Basically, the two most popular types of level
control valves you will need to be familiar with are
the solenoid-operated, needle type and the
pneumatic-operated globe type.
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Figure 4-3.-Diaphragm control valve actuator.

Solenoid Valves.— Solenoid valves are used
extensively throughout the engineering plant of any
gas turbine-powered ship. The solenoid valve we will
discuss as our typical example is the one that is used
as a level control device in the FO service system on
DD-963 class ships. These valves do not have any
specific tests or inspections as per PMS. According to
the NSTM, Chapter 505, “Piping Systems,” however,
extensive damage may occur if these valves are not
exercised periodically. This is particularly true if the
valves are located in areas that are difficult to keep
clean, such as the bilges in main engine room (MER)
No. 1.

Solenoid valves should always be cycled before the
system is placed in operation. For proper operation,
they should also be cycled at least once per month.
You can perform an operational test on a solenoid
valve by using the thumbwheel override built into the
side of the valve. When performing a test or
inspection, you should be checking for proper
operation of the valve and leaks around the stem or
associated fittings and flanges.

Pilot Operated Valves.- Pilot operated valves
are normally tested and inspected according to the
PMS. In performing a normal test, you will check the
full travel range of the valve stem and match it with
the scale mounted on the control valve actuator yoke,
as shown in[figure 4-3] To perform this test, you must

use an
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Figure 4-4.-External control pilot.

external air source with an in-line pressure regulator
that is connected to the diaphragm inlet air
connection. With the air pressure regulator set at
zero psi, the valve position indicator should be
pointing at zero percent on the position scale,
indicating a normally closed valve. As you apply air
pressure to the diaphragm, the valve should begin to
open. The amount of air pressure you apply to the
valve will determine the percent of valve opening,
depending on the valve spring pressure. Normally, all
of these valves will require approximately 5 psi of air
pressure to start valve stem movement. At 20 to 22
psi, the valve should be fully open. If more air
pressure than 22 psi is required to move the valve
stem, there is a good possibility the diaphragm has a
hole in it, the stem seal is leaking, or the valve is
binding. Any one of these problems can seriously
affect the responsiveness of the valve, so you should
investigate these conditions as soon as possible.

Generally, you will perform an inspection of a pilot
operated valve during normal valve operation.
During the inspection, you will need to check the
packing gland for leakage, watch the stem cycle for
smooth operation, examine the diaphragm telltale

hole and stem collar seal for air leakage, and check
the externally mounted pilot controllers, such as the

one shown in [figure 4-4, for proper supply air

pressure settings.

TEMPERATURE CONTROL VALVES.- The
types of temperature control valves we normally use
are either the air pilot operated valves, such as the
one we described earlier, or the spring-loaded,
bellows-actuated valves. These two valves are used in
almost every system in the engineering plant. You
will find either one located near every heat exchanger
in the plant.

Pilot Operated Valves.— The tests and
inspections you will use for the pilot operated valves
are the same as those we previously described for the
level control valves.

Spring-Loaded Bellows Actuated Valves.—- A
typical spring-loaded bellows actuated valve is shown

in For this valve, you will normally

conduct
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inspections during equipment operations and according
to the PMS.

You can test this type of valve by using either of two
methods: (1) by monitoring the valve during normal
operations to ensure it is maintaining the desired
temperature of the liquid or gas, or (2) by removing the
sensor bulb, artificially raising the temperature, and
monitoring the valve movement. Although you can raise
the temperature by using either calibration equipment or
a hot plate to heat the water, it is recommended that you
use the calibration equipment because it will provide
you with a better means of temperature control.

NOTE

The ability to control temperature during a
test is crucial. Using a hot plate will not give
you that flexibility.
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PRESSURE CONTROL VALVES.- There are
several different types and models of pressure control
valves. For example, pressure control valves include
relief, reducing, and regulating valves. Because of the
large selection of pressure control valves, we will limit
our discussion to regulating valves.

There are two basic types of MRG LO pressure
regulating valves used on gas turbine-powered ships:
(1) pneumatic pressure regulating valves and (2)
self-contained pressure regulating valves.

Pneumatic Pressure Regulating Valves.— In
several sections of our discussion of automatic control
valves, we have already described the normal operation
and components of the basic pneumatic pressure
regulating valve. For this reason, we will limit our
discussion to the following paragraphs on the
self-contained pressure regulating valves.

Self-Contained Pressure Regulating Valves.- A
typical example of a self-contained pressure regulating
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valve is the MRG LO unloader valve shown in[figuré
[4-6]

Normally, you will perform inspections of the
MRG LO pressure regulating valves while the MRG
LO system is in operation. Valve integrity (leaks) and
proper pressure regulation will be your key concerns.
Engine-room personnel can use visual inspections to
check for valve integrity. Pressure regulation can be
monitored locally and at the operating console in the
central control station (CCS).

Self-contained pressure regulating valves have
two modes of operation: (1) automatic and (2) manual.
You can test both modes of operation locally. You
should perform these tests according to the PMS or
other authorized maintenance procedures. In the
following paragraphs, we will briefly describe the
sequence of steps you should use for testing both
modes of operation. Please refer to figure 4-6 for

proper component identification and location.

Automatic Operation.— To test a self-contained
pressure regulating valve for automatic operation,
use the following steps in sequence:

1. Be sure globe valve A is closed and globe valve
B is open.

2. Vary the system pressure by any convenient
method and observe LO pressure at the remote
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sensing point. The valve should modulate to
hold this pressure within 1 or 2 psi of the
setting. If the valve is out of adjustment,
adjust the pilot valve until the proper pressure
is achieved.

3. Lower the LO system pressure to below
operating level. The hytrol valve should close
tight, as indicated by the stem in the indicator
assembly going to the bottom of the sight tube.

4. Return the LO system operating pressure to
the normal operating level. If the valve is
functioning properly, proceed with manual
operational testing. If the valve fails to operate
properly, perform a complete inspection of the
valve at the earliest possible time.

Manual Operation.— To test a self-contained
pressure regulating valve for manual operation, use
the following steps in sequence:

1. Close globe valves A and B with the system
under pressure. The hytrol valve should stay
closed regardless of fluctuations in the system
pressure.

2. Open globe valve A with the system under
pressure. The hytrol valve should open



completely and stay in that position. This will be
indicated by the stem rising to the top of the sight
tube.

3. Close globe valve A. The indicator stem should
drop, indicating that the hytrol valve is closed.
(The speed of this closure is controlled by the
size of the orifice in the strainer and orifice
assembly. This small hole prevents excessively
fast closing.)

4. Open globe valve B. The unloading valve should
resume automatic operation.

VALVE OPERATOR MECHANICAL LINK-
AGES.- Valve operator mechanical linkages, as we
previously stated, are used to connect a remotely
positioned valve with an operator (handwheel). In this
section, we will discuss the tests and inspections for the
two types of mechanical linkages used on gas
turbine-powered ships: (1) the rods and universal joint
type and (2) the cable type.

Rod-Type Linkage.- In the design of the rod-type
linkage, a series of rods is connected together by
universal joints. The number of rods is determined by
the distance between the operator and the valve. The
number of joints is determined by the number of rods
used and the number of bends that are less than 90
degrees. If a bend of 90 degrees is needed, then a
gearbox assembly should be used.

Cable-Type Linkage.— In the design of the flexible
cable type of linkage, a wire woven cable is housed in a
flexible metal tube. In this type of linkage, gearbox
assemblies should also be used when 90-degree bends
are required.

The methods you will use for testing and inspecting
these two types of mechanical linkages are very similar.
These requirements are normally covered under the
PMS. When testing these operators, your primary
concern will be to check the freedom of movement. If
difficulty in operation occurs, there are several areas you
should inspect as possible causes of the problem. Use
the following sequence of steps:

1. Determine if the problem is the operator or the
valve. To do this, disconnect the operator from
the valve and retest the operator. If it is still hard
to operate the operator, then the problem is the
operator.

2. Next, you must determine where the operator is
binding. The first and easiest method you can
use is to visually inspect the entire length of the
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operator. The following are some key things to
look for:

a. Positive signs of lubrication

b. Loose or improperly positioned hold down

brackets

c. Excessive bending in the cable or individual
universal joints

d. Improperly positioned packing gland or a
packing nut that is too tight on the deck or
bulkhead penetration fittings

e. Rusted or corroded fittings

In testing and inspecting automatic control valves,
mechanical linkages, and their components, you may
find that many of the problems will be obvious. In the
following paragraphs, we will discuss the more common
problems and tell you how to determine the required
repairs.

Maintenance and Repair Procedures

Most maintenance will be covered by the PMS or
maintenance procedures described in an appropriate
manufacturer’s technical manual. Therefore, we will
briefly discuss some preventative maintenance and
focus primarily on repair and component replacement.
Because they are the most important preventive
maintenance actions, we will start with cleaning and
lubrication procedures.

CLEANING AND LUBRICATION.- The
cleaning and lubrication of automatic control valves and
mechanical linkages is extremely important. You may
not realize how important it is until you are told to
operate a valve and you cannot get the valve to move
(open or close). Valves and operators located in high
moisture systems or in the bilge areas are extremely
susceptible to corrosion and will require more attention
than any other propulsion plant valves. A key thing to
remember is all valves do not use the same lubricants or
solvents.

High-pressure Air System Valves.- High-pressure
(HP) air system valves require a nonpetroleum-based
lubricant. This type of lubricant must be used because
of the static electric charge that is developed as the air
moves through the piping.

WARNING

Use of a petroleum-based lubricant can
create a very explosive condition.



CAUTION

Use of an inappropriate solvent can cause
damage to the components of the valve.

For these reasons, you should always follow an
approved materials listing on the PMS card or in the
manufacturer’s technical manual.

Automatic Control Valves.— The cleaning and
lubrication of automatic control valves and their
actuators is vital to the proper operation of every system
in the engineering plant. Electric solenoid valves and the
self-contained LLO unloader valves we have already
described are the only automatic control valves that will
require cleaning but not lubrication. All the other types
will require continuous care involving both cleaning and
lubrication.

You must pay very close attention to the control
valve and actuator stem area. The stem and surrounding
area is where most of the dirt will collect. If the packing
gland has any leakage, corrosion will start in that area.

Valve Operator Mechanical Linkages.- Proper
cleaning and lubrication of valve operator mechanical
linkages is very important to maintain ease of operation.
These mechanisms are designed to be helpful and
timesaving because they allow you to operate valves that
are located in hard-to-reach places. Remember, if you
want to avoid waking three compartments over and five
decks down, you must properly maintain these
operators.

The rod or rigid type of operators with universal
joints and gear cases will require more attention than the
flexible cable operators. This is because the universal
joints in the rod-type operators are not enclosed and are
constantly exposed to the environment. Being exposed,
these valves will require more frequent cleanings. After
cleaning, you must also apply a fresh coat of lubricant.
To maintain the gear cases, you should periodically open
them (if a cover is provided), remove the old grease,
clean them, and repack them with new grease.

The flexible cable valves are similar to a
speedometer cable in design, except each end of the
cable has a bearing installed. Each bearing housing is
fitted with a grease fitting, so you can use a grease gun
to provide lubrication.

OVERHAUL, REPAIR, AND REPLACEMENT
OF COMPONENTS.- Depending on the age of the
equipment and the availability of parts, it is usually more
cost effective to overhaul or repair the equipment rather
than replace it. Try to avoid complete replacement
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whenever possible. In the following paragraphs, we will
discuss some tips concerning component repairs that
should save your ship money and your equipment
downtime.

Automatic Control Valves.— Automatic control
valves are very versatile and, if properly maintained,
they will provide long periods of service before
complete replacement is necessary. The air-operated
type of valve, however, will require more repair
attention than the other valve types.

Air-operated valves use a rubber diaphragm and
stem collar seal to operate. These rubber components
have a much higher failure rate than the valves that
operate without them. The main factor that causes
diaphragm failure is the system in which the valve is
installed. For example, the rubber diaphragm in a steam
system valve will have a much higher failure rate than
one on an LO system valve. Heat transfer from the
system piping through the valve body is one of the
primary factors that will contribute to the diaphragm’s
failure. Another factor is the amount of moisture and
foreign material (rust) in the air supplied by the ship’s
service air system. Over a period of time, any moisture
in the air system can cause the diaphragm to rot.
Moisture in the air system will also cause rust to form
in the piping. Eventually, the rust particles will flake off
and be carried downstream to the diaphragm area,
causing wear and holes in the rubber.

As maintenance goes, these rubber components are
inexpensive and easy to replace. When replacing the
stem collar seal, you must remember to treat it in the
same way as you would a bicycle tube. The seal is
delicate and can be easily damaged or punctured. To
avoid damage to the seal, you must clean the housing
thoroughly and make sure it is free of abrasives. You
must also be careful during assembly to avoid pinching
the seal between the metal surfaces.

Your ability to make shipboard repairs to the valve
body will also be a time-saver. You can perform minor
repairs, such as repacking and lapping the valve disk and
seat, with minimal effort. Occasionally, however,
according to the PMS or because of component failure,
you will have to remove the valve and have it delivered
to an IMA for an overhaul.

In the case of the air pilot controllers, all repairs will
have to be performed by an IMA. Sometimes the larger
IMAs will maintain a pool of controllers. If this is the
case, you need only to send a faulty air pilot controller
in and pickup an already reconditioned unit that is ready
for installation.



Electric solenoid valves will usually require
component replacement instead of repair. The whole
assembly is divided into two parts, the solenoid and the
valve. The diaphragm in the valve is the only minor part
in the whole assembly that can be replaced to effect a
minor repair. In most cases, you will have to replace
either the solenoid or the whole valve.

Valve Operator Mechanical Linkages.—
Mechanical linkages are designed to provide years of
trouble-free service when properly maintained.
Probably the leading cause of operator failure is
negligence. This statement pertains to both types of
operators we have discussed. For example, an operator
will work fine until it has to be detached from the valve
or component it is operating. Then, during reassembly,
a bracket bolt may be missing. Instead of finding a
replacement, you might think “Oh well, one bolt will
hold it.” The problem is there are usually two bolts per
bracket. Using one bolt will definitely cause a
misalignment in the operator. If both bolts are missing
and you are tempted to install bolts of the wrong size,
you will still cause the operator to be out of alignment.

Shipboard repairs to rigid rod-type operators will
normally consist of freeing up a binding universal joint
or gearbox, replacing the packing, and tightening or
replacing any loose or missing support bracket bolts.
Binding universal joints are usually caused by excessive
bends or operator misalignment, as we have already
discussed. Depending on the operator’s age, however,
the joint may be worn out and you will need to replace
it. In most cases, the joint will be attached to the operator
rod end by a removable pin. If necessary, you can drive
out the pin with a punch. You can then remove the joint
and install a new one.

Gearbox repairs will be more difficult and in some
cases impossible to perform. Many of the gearboxes are
sealed units and repairs cannot be made. Even if the
gearboxes can be opened, you must call on your
machinery repairman to manufacture the new gears. If
the materials and equipment are available, you might be
successful. In most cases, however, it is easier to order
a new part.

Even though the flexible valve operators have fewer
parts than the rigid operators, shipboard repairs to
flexible valve operators are usually limited by the
availability of parts. This means most repairs must be
accomplished by outside activities. Depending on the
problem, sometimes the repair personnel can make the
repairs while leaving the operator in place. If this is not
possible, the whole operator should be removed and sent
to an outside repair facility.
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OPERATION AND MAINTENANCE OF
SUPPORT AND AUXILIARY SYSTEMS

Up to now, we have talked about some of the
components associated with the support and auxiliary
systems. You should realize, however, that these
components are just a small portion of the total design
and operation of these systems. In this section, we will
tell you how these components interact to make the
support and auxiliary systems work. Although we will
briefly describe how the systems operate, we will focus
primarily on their maintenance and repair.

SHIP’S SERVICE AIR SYSTEMS

The ship’s service air system (SSAS) on a gas
turbine-powered ship is used extensively everyday. It
supplies air for maintenance, service, control,
pneumatic power, and other utilities. All of these
services come under one or more of the four subsystems
we will describe in the following paragraphs.

Electronics Dry Air System

The electronics dry air system is a vital system in
which the air is dried twice. Before entering the system,
the air passes through a condenser filter and then a type
11 dehydrator. The electronics dry air system services all
electronic systems, AC plants, and gun and missile
control panels that require dry air.

Ship’s Vital Air System

The ship’s vital air system produces air that is dried
only once. The only difference between the vital and
nonvital air systems is the equipment serviced. The
ship’s vital header services the sonar dome, ammo
elevator, close-in weapon system (CIWS), No. 3 GTG
signal air, and many others.

MER Vital Air System

Like the ship’s vital air system, the MER vital air
system is tapped off the main header just before the
priority valve. This tap location ensures that all vital
equipment will have air if there is high air use or a leak
occurs in the nonvital subsystem. This air is for vital
propulsion equipment. It is also the receiving piping for
emergent y air from the HP/LP air reducing station. On
the CG-47, DD-963, DDG-993 class ships, there is one
HP/LP air reducing station located in MER No. 1. On
the DDG-51 class ships, there are two HP/LP air
reducing stations, one in each MER.



Ship’s and MER Nonvital Air Systems

These two subsystems, the ship’s nonvital air
system and the MER nonvital air system, are used for
all of the same types of service. Both systems are
designed to service all nonvital equipment, such as the
pilothouse window washer, tool outlets, and several
other nonvital equipment units.

The number of compressors needed to support these
four basic subsystems will vary according to the class
of ship. It does not matter, however, how many
compressors are available because all these subsystems
can be cross-connected or isolated from each other with
the proper valve confikguration. An occasion may arise
when none of the LPACs may be available. If this
occurs, then the SSAS can be cross-connected with the
HP air system (HPAS). For this configuration, you must
make sure all nonvital systems are isolated. Isolating the
nonvital system will help you make certain the depletion
of the HPAS is minimal.

Tests and Inspections

Tests and inspections for the SSAS are normally
scheduled according to the PMS, with the primary
emphasis on the individual components, such as the
compressors, driers, dehydrators, and reducing valves.

For the driers and dehydrators, you can accomplish
many of the required tests and inspections during normal
operation. Technically, you are performing an
inspection of each unit every time you take hourly
equipment readings.

For the system piping, you can accomplish a
complete inspection for leaks and any other problem
during the normal watch routine and while you are
performing valve maintenance. While you are
inspecting the air system, some of your major concerns
should be damaged or rusted piping, broken or missing
pipe hangers, and even painted or missing rubber
isolation mounts.

Troubleshooting

In troubleshooting the SSAS, using common sense
is your best tool. For example, visualize a situation in
which you discover a large leak in the air system.
Because the leak is very large, you must use the priority
valve to isolate air to the nonvital header. The air
pressure, however, still does not completely restore.
Where should you look first for the cause of this
problem?
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Your first step is to narrow down the possible
sources of the problem by isolating each of the three
remaining SSAS subsystems, one at a time. The first
subsystem you should check is the MER vital air,
Identify the operating equipment supplied by the MER
vital air subsystem. If practical, secure these equipment
units. Once you have isolated the MER header and air
pressure is restored, then you have narrowed down the
location of the leak to this area. If air pressure does not
restore, however, then you will need help from outside
the MER. Before proceeding, you must check with all
other divisions who receive service from the MER vital
air system and have them inspect their equipment and
piping until the problem is isolated.

Maintenance

Upkeep of the overall SSAS will consist of two
main areas: (1) valve maintenance and preservation and
(2) maintenance of the compressors and their associated
driers and dehydrators. Valve maintenance will include
maintaining and preserving the reducing station
assemblies and all the manual valves. Maintenance of
the manual valves will normally be limited to general
cleaning and lubrication. Shipboard maintenance for the
reducing stations will include adjusting, lubricating, and
cleaning the air inlet strainers.

Like tests and inspections for the air driers and
dehydrators, the maintenance of valves should be
carried out according to the PMS.

BLEED AIR SYSTEMS

As you work toward becoming a GSM2, you will
need to be familiar with the major equipment, basic
operations, and general maintenance of the ship’s bleed
air system. You can find a detailed discussion of this
system in Gas Turbine Systems Technician (Electrical)
3/Gas Turbine Systems Technician (Mechanical) 3,
Volume 2, NAVEDTRA 10564,

In this section, we will give you only a brief
overview of the following five major bleed air systems:

¢ Bleed air collection and distribution system
® Masker air system
Prairie air system
Start air system

Anti-icing air system



For each of these systems, we will describe the major
equipment, maintenance, and system similarities or
differences among the ship classes.

Bleed Air Collection and Distribution System

The bleed air collection and distribution system
collects compressed air extracted from the compressors
of all propulsion turbines and SSGTGs. It then
distributes the air to the four other systems as needed.
This is the primary system and contains the bulk of the
hardware, consisting of regulating valves, isolation
valves, collection piping, the main header, distribution
piping, and relief valves.

The bleed air collection and distribution system
extracts compressed air from the customer bleed piping
of the turbines through a bleed air shutoff valve. To
prepare the air for use throughout the system, a
regulating valve reduces and regulates the extracted air
to 75 psi. Once regulated to 75 psi, the air enters the main
bleed air header and is distributed to the start air, masker
air, prairie air, or anti-icing air system, depending on the
valve configurations of these individual systems.

TESTS AND INSPECTIONS.- Your respon-
sibilities for testing the components of the bleed air
collection and distribution system will be minimal. For
example, if you are stationed on a twin-shaft ship, there
are only 13 valves outside of the main engine enclosures
that will require some kind of testing. These valves
include the three 14-stage bleed air valves, seven bleed
air regulating valves (three GTG valves and four GTM
valves), the bleed air isolation valve, and two relief
valves. If you arc stationed aboard an FFG-7 class ship,
only two valves will require testing, one relief valve and
the pressure regulator and flow control valve. For the
most part, all testing for these valves will be covered
under the PMS or as part of the Engineering Operational
Procedures (EOP). According to the PMS, you will test
the operation of the 14-stage bleed air valves and the
relief valves. The PMS for the 14-stage bleed air valve
must be conducted quite frequently and usually in
conjunction with a major propulsion plant inspection
(safety checks). According to the PMS, the relief valves
must be periodically tested for proper lifting and
reseating pressure.

Other tests and inspections will be more frequent.
For example, you must test the bleed air isolation valves
whenever the No. 3 SSGTG is started. You must test the
other isolation valve (header) daily according to the EOP
to ensure proper operation.

As for inspections, the bleed air regulating valves
and the overall system must be inspected and monitored
continuously by engineering personnel while it is in
operation.

TROUBLESHOOTING.- Troubleshooting a
problem in the bleed air collection and distribution
system is usually fairly easy to accomplish. Remember,
the movement of air follows the same principles as
electricity: Air always takes the path of least resistance.
In the following paragraphs, we will describe a few of
the more common problems and some of the steps you
can take to isolate their probable causes.

Bleed Air System Pressure is Too High.- When the
bleed air system pressure is too high, use the following
steps, in sequence, to isolate the problem:

1. Check and compare pressure readings
throughout the plant to verify gauge accuracy.

2. Check the bleed air regulating valves. For CG-,
DD-, and DDG-class ships, if more than one
GTG is operating, you will need to alternate the
securing of the bleed air regulating valves to
pinpoint which one is faulty. Also, because
bleed air from the main engines is not used very
often, the regulating valves tend to
overpressurize the system. For FFG-class ships,
check the bleed air regulating and flow control
valve. If a start air compressor (SAC) is
operating, you should check the start air
system’s isolation check valve for leak-by into
the main bleed air header.

Relief Valve is Lifting.— When this condition
occurs, check the following two areas:

1. System pressure is too high—Follow the
guidelines in the preceeding paragraph for high
system pressure.

2. System pressure is normal-Is the relief valve
faulty? Is it improperly set?

System Pressure is Too Low.- If the system
pressure is too low, take the following steps:

1. Verify the accuracy of the gauge.

2. Check the relief valves for blowby.

3. Check the system for leaks.

4. Check the pressure regulating valve for proper
operation.

MAINTENANCE.- You must perform the
maintenance of all valves (electric or air operated) in the
bleed air collection and distribution system according to



the PMS. Except for the module bleed air cutout valves,
you may in some cases use a type of planned
maintenance program. You will also maintain the valves
in the remaining subsystems of the bleed air system
according to the PMS and possibly a planned
maintenance program. The planned maintenance
programs are usually contractual agreements between
the Navy and the manufacturers of the valves. In some
cases, valve manufacturers may keep a rotational pool
of valves that will allow the ship to remove and replace
all of the system valves with new or rebuilt ones during
an SRA. Plans, such as these, will significantly reduce
system downtime and increase reliability for months.
Because all the bleed air system valves are basically
maintained in the same manner, this is the last time we
will discuss their maintenance requirements.

Masker and Prairie Air Systems

Both the masker and prairie air systems take the hot
bleed air from the bleed air collection and distribution
system. These two systems cool the air in independent
coolers before sending it to the masker emitter belts or
leading edge of the propeller blades. The purpose of
masker air is to muffle or modify the ship’s machinery
noises that are transmitted into the water through the
ship’s hull. Prairie air is then used to disguise the
propeller noise signature. We will discuss the basic
design and operational characteristics and maintenance
requirements of both systems in the following
paragraphs.

MASKER AIR SYSTEM.- The number of valves
used and the direction of airflow through the masker air
system will depend on the ship’s class. Because of the
differences in masker air system designs, we will
discuss the system installed on the CG-47, DD-963, and
DDG-993 class ships. After we discuss this system, we
will then point out the differences in the systems
installed on other gas turbine-powered ships.

CC-47, DD-963, and DDG-993 Class Ships.— For
the masker air system in these ships, the air is first
extracted from the bleed air header and then piped to the
masker air valve (masker cooler valve). The masker air
valve is located between the header and the masker air
cooler. When the operator selects the ON position for
this valve, the hot bleed air flows through the cooler to
an air/water cyclone-type separator and then to the
masker transfer valve. The masker transfer valve is a
two-way directional flow valve. The valve position
selected by the operator will determine the direction of
airflow, either to the start air system or to the masker air
system. As the air is directed to the masker air system,
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the bleed air pressure is then reduced by a pressure
regulating valve before the air is sent to the masker air
distribution manifold. The air then enters the
distribution manifold where it can be directed manually
to any of the desired emitter belts.

DDG-51 Class Ships.- The basic masker air system
installed on the DDG-51 class ships is the same as the
one installed on the CG-47, DD-963, and DDG-993
class ships. The only difference worth mentioning is the
way in which the masker air (cooler) valve operates. The
type of masker air valve installed on the DDG-51 class
ships is manually operated. The type installed on the
CG-47, DD-963, and DDG-993 class ships is an electric
solenoid-controlled valve that is operated from the
PACC or the PLCC.

FFG-7 Class ships.- The masker air system
installed on the FFG-7 class ships has only two
characteristics in common with the masker air systems
installed on the other ship classes: (1) where the masker
air comes from and (2) the basic principles of operation.

In the FFG-7 class ships, the air is piped from the
bleed air cooler through a normally open, manually
operated cutout valve and then to the masker air pressure
regulating valve. The air pressure is reduced and the air
is then piped to the two masker air supply cutout valves.
These two solenoid-controlled valves are then operated
from the auxiliary control console (ACC) in the CCS to
send air to one or both emitter belts.

PRAIRIE AIR SYSTEM.- Now let’s discuss the
prairie air system. The prairie air systems installed on
all gas turbine-powered ships have the same basic
design. They all have a solenoid-controlled valve that is
operated from the control consoles, a cooler, and the
associated piping that supplies air to the rotary air seal
on the OD box for distribution to the propeller blades.
Because these valves are operator selected either open
or closed, the airflow and pressure are not reduced or
regulated by these valves before the air is required for
use.

TESTS AND INSPECTIONS.- For both the
masker and prairie air systems, all tests and inspections
must be carried out according to the PMS.

There are two primary tests that are normally
conducted on these systems. In the first test, you will use
a portable air flowmeter to check for the proper airflow.
For the other test, you will check the operational
effectiveness of these two systems against an acoustical
range. In most cases, you can perform the two tests at
the same time unless all flow rates arc set correctly
before you make the required passes over the range.



TROUBLESHOOTING.- Neither the masker or
prairie air system will have a vast number of
components to cause the system to fail. This means
troubleshooting a problem with either system should be
fairly simple. Let’s take a look at some problems that
may occur and their possible solutions.

Incorrect Masker Air System Pressure.- In the
masker air system, when the air pressure is either too
high or too low, use the following steps:

1. Check the pressure gauge for accuracy.
2. Check the bleed air header pressure.
3. Check the regulating valve for the proper setting.

Incorrect Prairie Air System Pressure.- If the air
pressure in the prairie air system is too high or too low,
take the following steps:

1. Check the pressure gauge for accuracy.
2. Check the bleed air header pressure.

If there is no air pressure in the prairie air system,
take the following steps:

1. Check the pressure gauge for accuracy.

2. Check the system supply cutout valve to make
sure it is open. Sometimes this valve will
indicate OPEN and will actually be closed if the
pin connecting the actuator to the valve should
shear. A sheared pin will allow the actuator to
move, but not the valve.

Incorrect Masker or Prairie System Airflow.-
Incorrect airflow in either system can be caused by the
following conditions:

1. Improper system pressure—Is the regulating
valve faulty or improperly set?

2. Misaligned manual belt cutout valves
3. Blocked holes in the masker belts or propeller

High Masker or Prairie System Air Tempera-
ture.- If the air temperature is too high in either the
masker or prairie air system, take the following steps:

1. Check the gauge for accuracy.
2. Check the masker or prairie air coolers.

a. Is the seawater cooling system pressure
insufficient?

b. Are the cooler tubes clogged?

Any of these conditions could be the cause of high air
temperatures in either system.
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Start Air Systems

The start air systems installed on all gas
turbine-powered ships serve the same purpose: To start
all the ship’s propulsion or electric plant turbines. Even
though the start air systems have the same goal, the start
air system in each ship class will accomplish this goal
in its own individualized way. Except for the DDG-993
class ships, all gas turbine-powered ships have two
methods of starting each propulsion or electric plant
turbine: (1) LP start air and (2) HP start air. In the
DDG-993 class ships, the start air system has only LP
start air capabilities for the propulsion turbines.

Because there are several differences in the start air
systems installed in the different ship classes, we will
first discuss the basic system installed on the CG-47,
DD-963, and DDG-993 class ships. We will then discuss

the differences.

CG-47, DD-963, AND DDG-993 CLASS
SHIPS.- The start air systems installed on the CG-47,
DD-963, and DDG-993 class ships use hot bleed air
from the bleed air header and cool masker air from the
masker air system to provide each turbine with LP
starting air. These start air systems were designed to use
a bleed-air/masker-air combination because the
propulsion turbine and GTG starters consume a lower
amount of air when the air temperature is increased.

There are three modes of operation for the starter air
system: (1) normal, (2) motor, and (3) emergency. With
the bleed air system in the automatic mode, the normal
position for starter air is the primary method of operation
for GTM starting and the motor position is the primary
method of operation for GTM motoring. Also, with the
bleed air system in the automatic mode, the ECSS logics
for the start air system valves will automatically align
for either starting or motoring the GTM. When a GTG
is started, however, its start air system does not interface
with the ECSS logics. This is why a manual air valve
alignment must be used for GTG starting.

GTM Starting and Motoring.—- In the start air
system for a GTM start, there are five valves that must
be aligned before the GTM start air valve can open:

1. MASKER XFR

2. MASKER CLR

3. HI TEMP BLEED
4. MOTOR AIR REG
5. MIXING BYPASS
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Figure 4-7.-DD-963 start air system (simplified).

If you trace the system shown in and
compare it with the following listing of the five valves
and their positions, you will see the proper valve
alignment for GTM LP starting and motoring.

VALVE VALVE POSITION FOR:
TYPE STARTING MOTORING
MASKER XFR START START
MASKER CLR OPEN OPEN
HI TEMP BLEED OPEN CLOSE
MOTOR AIR REG OFF ON
MIXING BYPASS CLOSE OPEN

Now that you have seen the valve alignment for
GTM LP starting and motoring, let’s discuss the
valve alignment for GTG starting.
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GTG Starting.- If you reexaminem you
can see that the valve alignment for a GTG start or

motor should be same as for a GTM motor. The only
exception is that it does not matter what position the
motor air regulating valve is in.

HP and LP Starting.— As we mentioned at the
beginning of this section, there are two methods of
starting—using either HP or LP air. Again, if you
study you can see that the HP air system
interfaces with the start air system just before the
motor air regulating valve. Notice also in[figure 4-7]
that the HP-to-LP air reducing valve pressure and
the orifice are configurations that only apply to DD-
963 ships.

The CG-47 ships share this basic system design,
but the CG-47 HP/LP reducing station has a lower
outlet pressure (45 psig), which eliminates the need
for the orifice pack. Because of the location at which
the HP air enters the system, there is only one valve
that must be aligned, the motor air regulator.
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Figure 4-8.-DDG-51 start air system (simplified).

As we indicated earlier, the start air systems we have
just discussed are found on the CG-47, DD-963, and
air DDG-993 class ships. In the following paragraphs,
will point out the differences found on the two
remaining systems installed on the DDG-51 and
FFG-7 class ships.

DDG-51 CLASS SHIPS.- The start air system on
the DDG-51 class ships shares some basic similarities
with the systems we have already described. If you
study[figure 4-8§ and compare it to you can
see the start air system for the DDG-51 class ships
performs the same functions as the DD-963 system
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with fewer valves. Instead of using five valves, the
DDG-51 start air system does the same job with only
two valves. The console controls are also much
simpler in design. At the DDG-51 console, you will
have only one of two choices to make—to use HP air or
bleed air to start the engine.

In the DDG-51 start air system, another design
difference is that the HP-to-LP air reducing station
outlet that is 75 psig. In the DDG-51 system, an
orifice pack is not installed because additional air
pressure reduction is simply not necessary.
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Figure 4-9.-FFG-7 start air system (simplified).

FFG-7 CLASS SHIPS.- The last start air system
we will discuss is the one installed on the FFG-7

ships. This system is shown in

If you look closely at figure 4-9, jou should notice

there are three methods or sources of air for starting
the GTMs: (1) HP air, (2) LP (bleed) air from the start
air compressors, or (3) LP (bleed) air from the cross-
bleed piping from the online GTM. You can use any of
the three methods, depending on the circumstances.
In most cases, HP air will be available and will be the
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primary means of starting the GTMs during a
casualty. As you can see in Ffigure 4-8, the air
pressure is reduced to a workable pressure by the
HP/LP air reducing valve, which alleviates the need
for further pressure reduction. This design is very
similar to the one used on the CG-47 class ships.

The second method is using LP (bleed) air from
the start air compressors. In this method, two start
air



compressors (SACs) provide LP air for GTM starting.
The two SACS are attached to the front end of the
SSDG. One is installed in the No. 2 SSDG enclosure.
The other one is installed in the No. 4 SSDG
enclosure. In this system, the air is treated in much the
same way as it is in the DD-963 system. Hot
compressed air is supplied by one of the SACs. The
air is then split into two flow paths before reaching
the starter. Part of the air will remain hot; the other
part will be routed through a cooler. The hot air will
then be mixed with the air that was routed through the
cooler. The mixing of air takes place in the
temperature regulating valve (similar to the DD-963
mixing valve), which will regulate the start air
temperature to 400°F.

The third method, referred to as cross-bleed
starting, is not very frequently used. In fact, you will
use it only when performing the PMS or during a
casualty. Remember, this method can only be used if
the other GTM is already running with a gas generator
(GG) speed of 7,500 rpm or greater. The reason the
GG speed has a specific set point is because at a lower
GG speed, sufficient air volume cannot be supplied to
the GTM for starting.

TESTS AND INSPECTIONS- You must carry
out all tests and inspections for all the start air systems
according to the PMS. Generally, there are two tests you
will conduct on these systems. The first test is checking
for the proper operation of the HP/LP start air reducing
stations installed on the CG-, DD-, and DDG-51 class
ships. Because the reducing stations are not used very
frequently, they must be tested periodically.

Another periodic inspection you must make is
on the SACs installed on the FFG-7 class ships.
Even though the SACs on the FFG-7 class ships are
used and tested more frequently than the reducing
stations installed on the CG-, DD-, and DDG-51
class ships, you must still inspect them
periodically. As a GSM, you should keep in mind
that the air produced by these compressors may be
used to start your turbines, but the maintenance and
upkeep of these compressors may not be your
responsibility. As a watch stander, however, you
will be responsible for reporting any discrepancies
you might observe during the operation of these
units.

TROUBLESHOOTING.- At times, your proce-
dures for troubleshooting a start air system can be quite
difficult. If all the problems that might arise were
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mechanical, then solving those problems would not
be that difficult. Unfortunately, a start air system is
highly reliant on electronic interfacing with the
control consoles. With so many different variables
associated with the control consoles and the start air
system, such as FO, LO, air permissive, and so forth,
in most cases you will need to call upon a GSE to assist
you in troubleshooting this system. Occasionally,
however, you may get lucky and encounter a problem
that is strictly mechanical. With this in mind, we
will discuss some of the mechanical and minor
electrical problems you might encounter in ‘the start
air system and some methods you can use to
identify the faulty components.

Air Valve Will Not Cycle.- If the air valve will not
cycle, perform the following checks:

1. Check the valve’s actuating air supply. On the
DD-963 and DDG-993 class ships, the actuating air is
supplied from the bleed air system. In all the other
ship classes, the activating air is supplied from the
ship’s LP air system. If activating air is available,
check the pilot air inlet fitting and its filter to see if
they are clogged.

2. Check the pilot actuator assembly. Most of
the valves for this assembly are equipped with a
manual override device. First, activate the
override. If the valve operates, you have narrowed
the problem down to a faulty solenoid, a faulty or
loose cannon plug, or loss of the command signal.
If the valve still does not operate, it may be jammed
or the actuating piston seal may be leaking by and
the resulting pressure may be insufficient to over-
come the spring pressure.

3. Check the cannon plug connection. If the
connection is clean, dry, and tight, then have a GSE
check the solenoid and the control circuit.

Faulty Air Valve Appears to Operate
Properly.- This situation will occur occasionally when
the pin that connects the pilot actuator with the valve
stem shears. When this occurs, the actuator will move
properly but the valve stem will not. For a good
example of this situation, visualize attempting a start
on a DD-963 class ship. During the start attempt,
monitor the start air manifold pressure. It will likely
read normal. Notice, however, that once the GTM
start valve opens, the air pressure drops to zero. When
this occurs, you will need to either replace the valve
or, if time permits, disassemble the valve and install
a new pin.



Air Valve Opens and Closes Slowly.- As a GSM,
you must watch for the valve’s performance. The valve
may open and close, but it will take an abnormally long
time to do so. When this occurs, you should immediately
check the system’s filters and low-point drains for
excessive amounts of water and debris.

Anti-Icing Air System

The last bleed air subsystem we will discuss is the
anti-icing system. Even though this system is not used
very often, it is still an important part of the overall bleed
air system.

The function of the anti-icing air system is to use
hot bleed air to prevent the formation of ice on the
gas turbine cooling air inlet moisture separators on
the FFG-class ships and the combustion air intakes
on all the ship classes. Among the different classes
of gas turbine ships, the ice detectors will be
installed in critical locations to warn the operators
when an icing condition exists. If an icing condition
should occur, the operators in the CCS will always
inform the engine-room personnel and direct them
to open the anti-icing valves manually. These valves
will control the pressure and flow of air that will be
required to raise the intake air temperature to a level
that will eliminate the icing condition. Except for the
FFG-7 class ships, all classes of the gas turbine-
powered ships are equipped with this anti-icing
valve system. Although the anti-icing air system on
the FFG-class ships is equipped with a manual
cutout valve, the pressure is automatically regulated.

TESTS AND INSPECTIONS.- On all classes of
gas turbine-powered ships, tests and inspections of the
anti-icing air system will not be performed very often.
The tests will mainly pertain to the operational
capability of the system’s valves. You will perform these
tests according to the PMS. Your main concerns will be
to test these valves for freedom of movement and check
the console indicator lights for proper valve position
indications.

The inspections you will perform on the
components of the anti-icing air system are very
important. You must use great care whenever you
conduct these inspections and handle these
components. You must be so careful because the
primary component for this system is located inside
the turbine’s combustion air intake. You must regard
any work inside the combustion air intake with the
same care and concern you would any work on the
main reduction gear. To protect the safety of
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personnel and equipment, you must adhere strictly
to all security and safety guidelines. While
inspecting the bleed air manifold, your primary
concern will be not so much the manifold itself
but its fasteners. In inspecting the fasteners, you
must make certain that all the bolts are made of
the proper material (stainless steel) and that they
are properly tightened and safety wired. You must
check every bolt for tightness, corrosion, and the
presence of properly installed safety wire.

TROUBLESHOOTING.- As a GSM, you should
have very little difficulty troubleshooting a problem
in this system. Because the majority of the system’s
valves are manually operated, most of the system’s
problems will be related to improper alignment. The
only exception to this is the anti-icing air system
installed on the FFG-class ships, which has a pressure
regulating valve installed. If you should identify this
valve as the source of a problem, you should approach
its repairs and testing the same way as you would any
of the other bleed air system automatic control valves
we have discussed. The most important thing to
remember about the pressure regulating valve in the
FFG anti-icing air system is that it is not used very
often and may have a tendency to stick.

MAINTENANCE.- In all gas turbine-powered
ships, your maintenance of the anti-icing air system will
be fairly limited to valve maintenance and the required
repairs you will determine after performing the
previously mentioned tests and inspections.

WASTE HEAT RECOVERY SYSTEMS

As a GSM, there is a good chance you will
encounter one or both types of waste heat recovery
systems we will discuss in this section. The first type of
waste heat recovery system we will discuss is installed
on the CG-47, DD-963, and DDG-993 class ships. The
other system we will describe is installed on the FFG-7
class ships.

In this section, we will briefly discuss the role of the
waste heat recovery system during routine operations.
We will focus on some of the maintenance and upkeep
requirements for this system.

CG-47, DD-963, and
DDG-993 Class Ships

The CG-47, DD-963, and DDG-993 class ships use
waste heat boilers (WHBs) that are installed in the



ship’s service gas turbine generator (SSGTG) exhaust
stream. The WHB is positioned so it can effectively
capture the hot exhaust gases from the turbine before
they are exhausted from the ship.

On the CG-47, DD-963, and DDG-993 class
ships, there are two different styles of WHBs. One is
a horizontal straight tube style manufactured by
Combustion Engineering (CE). The other style,
manufactured by Conseco, has a horizontal coiled
tube bundle. Even though these boilers are different
in design, they serve the same purpose-to generate
steam for cooking, laundry services, and heating the
water, FO, and LO. These boilers also function
according to the same principles, with only small
differences in their operating parameters. Since the
design differences are minimal, and a complete
description can be found in each unit’s applicable
propulsion plant manual, we will only discuss the
differences.

The first and probably the most obvious
difference is in the design of the steam generating unit
(boiler). The CE boiler is square and has straight
tubes. The Conseco boiler is round and has coiled
tubes. The second design difference is that the CE
boiler system uses a deaerating feed tank (DFT) to
remove excess oxygen from the water. The last
difference is not as obvious as the others. The steam
drum (separator) has steam connections installed to
enable the operator to perform a surface blow. Surface
blowing is an additional method commonly used on
propulsion steam plants to maintain proper water
chemistry limits.

TESTS, INSPECTIONS, AND FUNCTIONAL
CHECKS.- All steam system tests, inspections, and
functional checks are either covered in the PMS or in
the EOSS. Some of the equipment items on which you
will perform tests, inspections, or functional checks are
briefly discussed in the following paragraphs.

Boiler Control Panel.- The tests or inspections
associated with this piece of equipment are usually
conducted before the boiler is placed in operation. When
performing the preoperational EOSS procedure
(WHBP), check all of the indicating lamps and alarms
for proper operation.

Water Level Controller.- Most tests or inspections
performed on this equipment are accomplished
during boiler operations. The best time to pinpoint
a problem is during normal operations. There is a
specified time, however, when you will need to
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remove the gauge for calibration, unless an onsite
calibration team can perform the adjustments
with the instrument in place.

Safety Valves.—- These valves are routinely
inspected during normal boiler operation. They should
also be periodically tested according to the PMS. During
these tests, you should check for proper lifting and
reseating pressures. Periodically, these safety valves
must be removed so they can be bench tested according
to the PMS and the requirements in NSTM, chapter 221,
or if they fail the installed PMS tests.

Pilot Operated Valves.— Tests and inspections
performed on these valves should be handled in the same
manner as those for the valves described earlier in this
chapter.

Steam Drum.- The steam drum is primarily a
reservoir and is usually only inspected in conjunction
with a boiler inspection.

Deaerating Feed Tank.- The DFT is similar to the
separator in that it serves as a reservoir, but that is the
only similarity. When the DFT is in normal operation,
you should test its ability to remove dissolved oxygen
within 2 hours after start-up and daily thereafter.
There are also some internal components that will
periodically require maintenance according to the
PMS or as a result of an unsatisfactory dissolved
oxygen test.

Boiler.- The boiler should be tested continuously
while it is in operation. Inspections, however, should be
accomplished periodically according to the PMS;
NSTM, chapters 220, Vol. 2 and 221; and any other
applicable NAVSEA technical directive. These
inspections are normally driven by the number of boiler
operating hours and performance.

TROUBLESHOOTING.- The two most common
problems you will encounter with the WHB steam
system are (1) maintaining the proper steam pressure
and (2) maintaining the proper steam drum water level.
The most frequent of these problems will be maintaining
a proper water level.

Maintaining the Proper Water Level.-
Maintaining the proper water level is very crucial.
Failure to maintain the proper water level can lead
to some very serious problems. When this problem
occurs, a quick diagnosis is needed to restore the water
level to normal before the boiler tubes run dry. The
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Figure 4-10.-Troubleshooting chart for low boiler water.

troubleshooting chart in explains some
key items you can check to help pinpoint the source of
the problem.

NOTE

The troubleshooting chart shown in
contains general information only and should
not take the place of the EOSS or approved
manufacturer’s technical guide.

Maintaining the Proper Steam Pressure.— The
second most common problem that we will discuss is
maintaining a proper steam pressure. The following
list contains the components or conditions that are
most likely to cause this problem:

1. Low boiler water - Review figure 4-10 bf this
chapter and the procedures in the EOSS or approved
technical manuals.
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2. Faulty diverting valve - If this valve fails open
or the pneumatic pilot valve malfunctions, most of the
steam pressure will be diverted back to the
condensate system. Remember, this valve has manual
override capabilities.

3. Faulty or airbound recirculating pump - If the
recirculating pump stops operating, no water can be
moved from the separator to the boiler coils. Also, if
the pump becomes airbound, you should try to vent
the pump casing to restore water flow. Remember, if
either of these two problems cannot be resolved
quickly, the boiler will run dry. A quick way to
determine if the boiler tubes are dry is to watch the
inlet and outlet exhaust gas temperatures. The closer
or more equal they are, the more likely the boiler is
approaching or is already in dry operation.

MAINTENANCE.- In this section, we will discuss
some of the maintenance you as a GSM will either be
required to perform or expected to know. We will only



provide a brief discussion of these procedures that will
pertain mostly to the major components of the WHB
system.

Cleaning.— Most of the cleaning you will be
involved in will pertain to the exterior of the system’s
components. For example, valve maintenance (PMS)
procedures contain cleaning as one of the first steps you
will perform.

Unless you are extremely lucky, however, there will
come a time when you will be required to assist or
perform the exhaust path cleaning of the boiler. This
procedure is normally performed according to the PMS,
during an extended repair availability, or as deemed
necessary as a result of a boiler inspection or a casualty.

Cleaning the exhaust gas path is an extremely dirty
and time-consuming job. In this procedure, you will be
required to clean the external surfaces of the boiler
tubes. Soot blowing during boiler operation is the only
way you can perform this procedure without entering
the boiler. Unfortunately, soot blowing is more of a
preventive measure to lessen soot buildup. It is not as
thorough a cleaning measure as entering the boiler and
cleaning the tubes.

Another painstaking cleaning procedure is cleaning
the tubes in the heat exchangers (condensate cooler or
control condenser). Technically, the work is not difficult
but it is heavy and time consuming. It is heavy because
you must remove the end caps of the heat exchangers to
allow access to the steam or water lance. It is time
consuming because you must be very thorough to make
sure all of the tubes are cleaned. Also, each end cap
gasket must be hand made.

The last and most difficult procedure we will
discuss is cleaning the internal surfaces of the boiler
tubes. This procedure is normally scheduled and
performed according to the PMS, as directed as a result
of a boiler inspection, or according to instructions in
NSTM, chapter 221. Normally, this is a chemical type of
cleaning that must be performed by an outside activity
(repair facility).

Removal of Components.- The need for the
removal and replacement of waste heat system
components depends on the PMS, NAVSEA
instructions, and the condition of the components. For
example, the boiler’s safeties will probably need to be
removed and replaced more frequently than any other
component. The safeties come under two guidelines for
maintenance and repair. The first guideline is the PMS;
the other one is NSTM, chapter 221.
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Most of the other components are usually removed
or replaced out of necessity because of a failure. The
only other component that will be removed according to
an established time table is the boiler itself. The boiler
is usually replaced during a ship’s major overhaul
period.

FFG-7 Class Ships

The FFG-7 class ship’s waste heat recovery system
does not use a WHB to supply heating for LO, FO,
potable water, and distilling. Instead it uses the waste
heat produced by the ship’s service diesel generators
(SSDGs) jacket water system.

The FFG-7 waste heat circulating system contains
a total of four heat exchangers (one for each SSDG) and
four hot-water circulating pumps. The waste heat
system is pressurized by a compression tank that
maintains sufficient pressure (about 5 psig) to prevent
cavitation on the suction side of the circulating pump.
Although high circulating water temperatures up to
195°F can occur when the heating demand is light, the
normal operating temperature range is between 170° to
175°F. Sometimes there are conditions when the
demand for waste heat will exceed the available waste
heat. When this condition occurs, there are two
300-kilowatt supplementary electric heaters to assure a
minimum temperature of 170°F in the system regardless
of the available waste heat. Normally, at sea these
heaters will not be needed because two or three SSDGs
will be in operation. When a SSDG is put on the line,
the associated hot-water circulating pump starts
automatically. Each pump also has a manual mode and
can be started or stopped manually without harming the
system or its equipment.

Now that we have given you a brief overview of the
waste heat recovery system’s purpose and operations,
let’s discuss some of the tests, inspections, and
functional checks that you will be required to perform.

TESTS, INSPECTIONS, AND FUNCTIONAL
CHECKS.- Like the steam system in other gas
turbine-powered ships, the tests, inspections, and
functional checks for the FFG-7 waste heat circulation
system are either covered in the PMS or EOSS. Some
of the equipment items in the FFG-7 waste heat
circulating system on which you will perform tests,
inspections, or functional checks are briefly described
in the following paragraphs.

Temperature Control Valves.— All the temperature
control valves that service the waste heat circulation
system are air pilot operated valves. The tests and



inspections for these valves are the same as the ones we
described earlier in this chapter. Remember, the
temperature of the water in the waste heat circulation
system is maintained by the SSDG jacket water
temperature regulating valves. This means that most of
your tests and inspections will require the operation of
the SSDG jacket water system and waste heat water
system.

Supplementary Heaters.— As mentioned earlier,
the supplementary heaters are used to boost the waste
heat water temperature to its normal operating range
when there is an large demand on the system or the
SSDGs are secured. Heaters should be frequently
inspected while in operation. Perform all tests and
functional checks according to the PMS and applicable
manufacturer’s technical manual.

Relief Valves.—- There are only three relief valves
installed in the FFG-7 system. One is installed on each
of the two supplementary heaters and one is installed on
the compression tank. These valves must be periodically
tested in place. They should also be removed annually
and delivered to a repair facility for testing and
inspection. Remember, no matter where the tests are
performed or who performs them, they all must be
accomplished according to the PMS.

TROUBLESHOOTING.- Sometimes, tracking
down a problem in the FFG-7 waste heat circulation
system can be very easy. Other times, it can be very
difficult. Never attempt to make adjustments to this
system unless you are extremely knowledgeable of the
system’s operation or troubleshoot a failure without
using an approved troubleshooting guide contained in
the appropriate manufacturer’s or NAVSEA technical
manual. Remember, the operation of this system
depends on the proper operation of the SSDG jacket
water system and the supplementary heaters.

MAINTENANCE.-
discussing some of the maintenance you will need to
perform or will be expected to know as a GSM2. For the
most part, the maintenance topics discussed in this

In this section, we will be
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section will be brief and will pertain primarily to the
FFG-7 system’s major components. All maintenance
discussed in this section normally will be covered under
the PMS.

Cleaning.— The cleaning requirements for this
system are no different from those for the steam systems
we have already discussed. Most of the cleaning you will
be involved in will pertain to the exterior of the system
components. For example, valve maintenance (PMS)
procedures contain cleaning as one of the first steps you
will perform. In this system, valve cleaning will be
approximately 90 percent of all your maintenance
responsibilities.

Removal and Replacement of Components.- You
will probably remove and replace the relief valves in the
FFG-7 system more frequently than any other
component. Just like the safeties in the steam system,
the relief valves must be periodically tested in place and
removed annually to be tested and repaired as needed.

All other components of this system, such as the
supplementary heating elements, temperature control
valves, and circulating pumps, will only be removed or
replaced because of component failure or as part of the
ship’s overall planned maintenance program.

SUMMARY

In this chapter, we have provided you with an
overview of the engineering support and auxiliary
equipment and systems used on gas turbine-powered
ships. We discussed some of the equipment and system
similarities and differences you will encounter among
the various ship classes. We also discussed some ways
in which you can properly operate and use your ship’s
support and auxiliary equipment and systems. If you
properly maintain this equipment and their systems,
they will continue to provide your ship with a high level
of efficient service. With the information provided in
this chapter and the recommended technical
publications, you should become a more effective gas
turbine systems technician.



CHAPTER 5

PROPULSION PLANT SYSTEMS AND DRIVE
TRAIN EQUIPMENT

As a GSM, you will primarily operate and maintain
the GTEs. You will also be tasked with the maintenance
and repair of other major equipment and their related
systems, such as the fuel oil, lube oil, and controllable
pitch propeller systems.

This chapter will focus on the maintenance and
repair of these main propulsion systems needed to
support the operations of the main propulsion gas
turbine engines.

After studying the information in this chapter, you
should have a basic understanding of the propulsion
plant systems and drive train equipment in gas
turbine-powered ships in terms of normal operations,
some common malfunctions, and the general
maintenance responsibilities that you, the GSM, may
encounter.

PROPULSION PLANT SYSTEMS

The main propulsion plant could not operate
without fuel oil for the engines and lube oil for the main
reduction gears. These systems and others are part of the
overall main propulsion plant and are in your areas of
responsibility. You will likely be assigned to perform or
supervise the PMS and repairs and to maintain the
equipment and components associated with these
systems.

As you advance in the GSM rating, you may be
assigned as a work center supervisor. At this level, it will
become increasingly important for you to be able to
identify reoccurring system and equipment problems
and be able to initiate timely repairs. You should also be
proficient at troubleshooting so you can also identify
less common malfunctions. In this chapter, we will tell
you about some of the common problems you may
encounter during system operations. We will also give
you some troubleshooting and maintenance tips that
should help you handle these problems more effectively.

SHIP’S SERVICE FUEL OIL SYSTEM

As you are likely aware, your ship’s fuel oil (FO)
service system is vital to propulsion plant operations.
Care and maintenance of this system is equally
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important for the effective operation of propulsion plant
equipment and systems. All of the FO service systems
you will encounter on gas turbine-powered ships are
basically the same. For this reason, we will discuss the
normal operations, common malfunctions, and general
troubleshooting and maintenance procedures associated
with a basic FO service system. This information is
designed to help you to recognize normal operations and
to identify and handle some of the more common
problems you may encounter in the operation and
maintenance of a typical FO service system.

NORMAL OPERATIONS

A typical FO service system on a gas
turbine-powered ship has one or more service tanks that
are replenished from the ship’s FO storage tanks via the
FO transfer system. From the FO service tank, the fuel
passes through a suction strainer (in some cases)
immediately before entering the FO booster pump. The
pump then delivers the fuel to a heater. In most cases,
the fuel flows from the heater, through a prefilter, and
then to the filter/coalescer. From the filter/coalescer, the
fuel reaches its final delivery point-the engines.

Normally, the fuel is delivered to the engines at a
nominal pressure of 45 to 55 psi. To deliver or maintain
the fuel at the ideal pressure, however, several different
pieces of equipment must work in harmony. These
equipment units cannot always perform as designed
without routine maintenance, some repairs, or even
component replacement. As a GSM, you should be able
to recognize some of the basic problems and understand
the steps you will need to take to solve them.

MAINTENANCE AND
TROUBLESHOOTING

From studying the information in GSE3/GSM3,
volumes 1 and 2, on FO service systems, you should
have already learned about basic system layouts, local
operations, and remote console operations from the
CCS. If you do not remember the basic design and
operation of a typical FO service system, we
recommend you take time to review these references



and the earlier sections of this TRAMAN. In the
following paragraphs, we will discuss FO service
system maintenance and repair. We will provide you
with some helpful hints for both preventive and
corrective maintenance of your ship’s FO service
system. Remember, propulsion plant equipment and
systems will vary among the different classes of ships.
For this reason, we will discuss the tests, inspections,
and maintenance procedures in general terms. For
specific guidelines, you should consult the EOSS and
other authorized technical publications for your ship.
Now, let’s talk about some general aspects of preventive
maintenance.

Preventive Maintenance

Simply stated, preventive maintenance is taking the
necessary planned steps so you can remove or reduce
the possibility y of equipment failure. These actions will
help prolong the useful life of your ship’s equipment.
All the preventive maintenance actions or steps you will
need to perform can be grouped into the following three
basic categories:

1. Routine maintenance
2. Testing
3. Adjusting

In the following paragraphs, we will briefly discuss
each of these categories. To acquire a more in-depth
knowledge of preventive maintenance, including the
planning and scheduling of routine maintenance,
testing, and adjusting of equipment, we recommend you
review the discussion of the Planned Maintenance
System (PMS) in GSE3/GSM3, Volume 1, NAVEDTRA
10563. We also recommend you review the Ships’
Maintenance and Material Management (3-M)
Manual, OPNAVINST 4790.4.

ROUTINE MAINTENANCE.- Routine mainte-
nance is carrying out the special procedures you must
use for inspecting, cleaning, and lubricating equipment.
These procedures are special because you must use the
approved and standard methods to perform the required
maintenance actions. For example, you must use certain
approved methods for cleaning and lubricating ball
bearings. When a ball bearing needs lubricating, you
must first clean it and then use the proper lubricant to
lubricate it. Included in the instructions you must use for
lubricating ball bearings are charts specifying the
approved lubricants and their uses. These approved
methods are considered to be routine because (1) they
are the authorized procedures for lubricating ball

bearings, and (2) they must be performed at specified
intervals.

Routine inspections include checking equipment
ground straps, screws, nuts, and bolts. They also include
such tasks as checking oil reservoirs for proper levels
and checking front panel indicators and bulbs for proper
operation. These inspections require you to perform a
direct analysis as you are doing the check To perform
an inspection, you will use only your human
senses-especially sight, touch, and hearing-to make a
direct examination and judgment concerning the
operating condition of a system or piece of equipment.
To perform a test, however, you must also use an
instrument to make a determination.

TESTING.- Testing of mechanical or electrical
equipment usually involves the use of calibrated
instruments to monitor and record data. By observing
the responses and indications of the test instruments, and
by comparing the data with established standards, you
can determine if the device or circuit is operating
properly.

The difference between a test and an inspection is
that a test requires the use of an instrument (portable or
installed) to indicate the necessary information. This
information represents a form or function of energy that
is not perceivable by human senses. Using the
information provided by the instrument, you can make
an examination or analysis of the equipment or system
you are checking.

ADJUSTING.- The adjusting of mechanical or
electrical equipment is a broad area that encompasses
all phases of the following actions:

® Rearranging or changing a function or
characteristic

® Aligning circuits by adjusting two or more
sections of a circuit or system so their functions
are properly synchronized

® (Calibrating circuits in which you check circuits
or instruments of a given standard of accuracy
against standards of higher accuracy, and then
align or adjust them accordingly

Anytime you change, align, or calibrate the mechanical
or electrical equipment you are checking for operational
effectiveness, you are performing preventive mainte-
nance.

Remember, all categories of preventive mainte-
nance are designed to help you to avoid mechanical and
electrical problems before they start. In spite of the best



preventive maintenance program, however, you will
eventually be called upon to correct a problem. In the
following section, we will tell you about some of the
actions you can take to correct the more common
malfunctions in a typical FO service system.

Corrective Maintenance

Corrective maintenance of mechanical or electrical
equipment consists of the actions and operations you
must perform to restore an improperly operating piece
of equipment to a fully operative condition. Some
examples of corrective maintenance actions are
repairing a piece of equipment after a tire or locating
and replacing a faulty part. Corrective maintenance
actions are also needed to locate a faulty function and
adjust its circuit for an output that is within
specifications. Common to each corrective maintenance
action is a sequence of three basic operations that are
always performed. These are

1. symptom recognition,
2. malfunction location, and
3. repair.

We will briefly discuss each of these operations. As you
read the following sections, try to envision the ways that
you, the GSM, maybe called upon to correct a problem.

SYMPTOM RECOGNITION.- Symptom recog-
nition is the weakest link in the three basic operations.
Many incidents occur where malfunctioning equipment
is operated for hours, days, and even months without
notice of a failure. This can occur because the symptoms
of many malfunctions are subtle and are not easily
recognized. This makes the need for trained operators
and technicians in the methods of symptom recognition
even more important.

To be a good technician, you must first know the
proper equipment operation and the function of each
operating control. Very often, a qualified console
operator can detect a malfunction in an operating unit of
equipment and may even be able to make some minor
adjustments to the equipment. The console operator is,
however, still responsible for reporting any symptoms
of a malfunction to a GSM or GSE.

Not all equipment will produce symptoms that are
easily recognized. In fact, some symptoms may be
detected only when you are performing preventive
maintenance on the affected equipment item or system.
For these reasons, you must be able to recognize the
not so apparent as well as the apparent troubles. Once

you realize a malfunction exists, your next step is to
locate the source of the trouble,

MALFUNCTION LOCATION.- In the language
of the GSM, the process of malfunction location is better
known as troubleshooting. The process of
troubleshooting begins after you recognize a symptom
of a malfunction and ends when you locate and correct
the cause of the malfunction.

As a GSM, you are aware that other GSMs, the
GSEs, the equipment or console operators, and your
other shipmates who have worked with mechanical or
electrical equipment readily understand what the term
troubleshooting means. If that is so, then why does so
much downtime occur? The answer is simple. The
amount of downtime resulting from a malfunction in a
piece of equipment or a system will be directly
proportional to: (1) the complexity of the system or
equipment with the problem, (2) the lack of knowledge
concerning the affected system or equipment, and (3)
the proper troubleshooting methodology on the part of
the people who are actually trying to locate the problem.

Troubleshooting is not an easy job. Modern
mechanical, electrical, and electronic equipment and
systems are extremely complex. The complexity results
from the multitude of interfacing and interacting
components and circuitry that can exist in a single
system or piece of equipment. The complexity of a
system or piece of equipment can make troubleshooting
a difficult and frustrating job. As a GSM, you will
discover that the complexity of a system or equipment
item will be your biggest challenge in troubleshooting.
Your troubleshooting efficiency will depend on the
knowledge you have of the operation of the equipment.
In troubleshooting any equipment or system, the
greatest tool you can use is your knowledge of the
equipment or system in terms of its normal operational
characteristics. his is very important: You must first
know what the equipment or system should do under
normal operating conditions before you can determine
what it is not doing or what it is doing incorrectly.

In addition to a thorough knowledge of the affected
equipment or system, you must know how to
troubleshoot effectively. To troubleshoot efficiently and
effectively, you should perform the following five
logical operations in sequence:

1. Identify the symptom.
2. Identify the malfunction.
3. Localize the malfunction.

4. Locate the cause of the malfunction.



5. Perform failure analysis.

In the following paragraphs, we will briefly describe
each of these operations. Again, try to envision your
responsibilities as a GSM in each of these steps.

Identifying the Symptom.- After recognizing an
equipment malfunction, a good technician will then use
all available aids designed into the equipment to
elaborate on the symptom. As a GSM, you have several
available aids. By using the front panel controls,
indicators, and other testing aids, you can obtain a better
description of the symptom. Once you identify the
symptom, your next step is to identify the malfunction.

Identifying the Malfunction.- In this step in the
troubleshooting process, you must determine some
logical choices for the basic cause of the symptom. Your
determinations will be based on your knowledge of
equipment or system operation and a full description of
the symptom. The overall functional description of the
equipment or system in the appropriate technical
manuals can help you outline some logical choices.

Localizing the Malfunction.- Now that you have
identified the malfunction, you must localize its basic
source. Localizing the malfunction is normally
accomplished by using the troubleshooting flow charts
and block diagrams in the technical manuals. If one test
does not prove that the function is faulty, test the next
logical choice. Continue this procedure until you can
localize the faulty function.

Locating the Cause of the Malfunction.- After
localizing the malfunction, you must make additional
choices to find which component or circuit is at fault. If
the trouble is not immediately apparent, use the proper
test methods to further isolate the fault. Continue this
process until you locate the specific cause. Defective
components, vibration, misalignment, improper wiring,
and improperly soldered components are all examples
that might be specific causes of an engine problem.

Performing Failure Analysis.- After you have
located the fault, review your troubleshooting
procedures before you make the repair. This step will
help you determine exactly why the fault had a certain
effect on the equipment. It will also help you make
certain that the fault you found is actually the cause of
the malfunction and not the result of the malfunction.
For example, excessive vibration may have caused a
component failure. Upon analysis, you may have
determined that equipment misalignment caused the
vibration, which, in turn, caused the component to fail.
The real culprit could simply be loose equipment
foundation bolts that allowed the vibration. In addition
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to replacing the faulty component, you must realign the
equipment and make certain the foundation bolts are
torqued to the proper values.

Following the five troubleshooting operations in
their logical sequence will help you to be more efficient
and effective in your troubleshooting responsibilities.
Remember, your most important tool in troubleshooting
is your thorough knowledge of the equipment or system
in terms of its normal operational characteristics. The
next most important tool is to follow the correct
troubleshooting procedures or operations in their proper
sequence.

TESTS AND INSPECTIONS

The operational performance of the FO system on
board your ship should be constantly monitored. Good
maintenance habits and the proper use of the PMS as a
scheduling tool for routine tests and inspections will
ensure the optimum performance from your ship’s FO
system. In the following paragraphs, we will describe
some components of the FO system and the most
common tests and inspections. As you advance in the
GSM rating, you will be required either to perform these
inspections and tests or to make certain they have been
done.

Fuel Pump Coupling

Inspection of the fuel pump coupling similar to the
one shown in is usually performed
semiannually. The normal steps of this inspection are
disassembling the coupling cover, cleaning out the old
grease, and inspecting the coupling grid and hub teeth.
If your inspection shows that the fuel pump coupling is
satisfactory for operation, then your next steps are to
reinstall the grid, apply the specified grease, and
reassemble the coupling cover.

In inspecting the fuel pump coupling, there are some
key points you should look for during the disassembly
and inspection steps. We will describe these points in the
following sections. Remember, you should consider
both the symptoms of the malfunctions and the signs of
normal operation when you are checking the
components.

COVER SEAL.- A symptom of deterioration of the
coupling cover seal or a bad seal is the collection of
grease on the inside of the coupling guard or on the pump
base, depending on the type of pump installation. You
can perform a check of the cover seal at any time, even
with the pump in operation. If a seal is bad, the natural
thing for you to do is to replace it. Before you replace
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Figure 5-1.-Grid-type flexible coupling.

it, however, the most important thing you should do
at this point is to ask yourself this question: How long
has this coupling been operated with an insufficient
grease supply? Improper lubrication can easily cause
a fuel pump coupling to become damaged because of
the heat that is generated during normal operation.

GRID.- The coupling grid is a shaped spring steel
band that interlocks the coupling hub gear teeth. The
grid is usually coated or painted. You should check
the grid for deterioration or wearing of the coating or
paint. The condition of the coating or paint can
provide you, at a glance, with a clue to the condition
of the coupling. If the coupling has been operated
with insufficient grease, the coating or paint may be
worn off and the metal will have a bluish appearance.
The bluish color on the metal means that the metal
was allowed to become too hot. This is a good
indication that the component is possibly fatigued
and requires replacement. The coating or paint can
also provide you with an indication of coupling
misalignment. If you detect an uneven wear pattern,
there is a good possibility the coupling is misaligned.
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HUB.- You should check for damaged or worn
teeth on the coupling hub. Normally, the coupling
hub teeth will not show symptoms of damage or wear
unless the hub was improperly installed on the pump
or motor shaft. (This usually happens when a hub has
been hammered onto the pump or motor shaft.) The
hub teeth can, however, become damaged if they
become fatigued or overheated. As in the case of the
grid, you will notice a bluish tint on the metal when
these conditions occur. Each coupling hub is attached
to its respective shaft by a key. Although the key does
not fail very often, you should check to make certain
the hub fits snugly on the shaft. If the hub moves at
all on the shaft, then you should check the hub inside
diameter, the shaft key way, and the hub outside
diameter for wear.

Fuel Pump Logic

Normally, the logic circuits of a ship’s fuel pumps
are tested semiannually or during scheduled
propulsion plant inspections (safety checks). During
this maintenance check, you will test the pump logic
circuit to see if the pump will cycle up in speed with
increased



pressure demands or stop in the event of a large leak in
the system. All of these functions are controlled by
means of cooperating system components, consisting of
a timing circuit card, pressure transducer, and
detroit-type pressure switch. In most cases if the timing
is off, you will have to replace the circuit card. (This is
because you cannot adjust the circuit card.) If the
transducer or detroit switch should activate the pressure
alarms or pump control signals at the wrong pressure,
however, you can adjust these components for proper
operation.

Relief Valves

All relief valves in a ship’s FO service system are
usually inspected and tested annually. These valves are
normally removed and carried to an intermediate
maintenance activity (IMA) for bench testing. You can,
however, test these valves while they are installed in the
system and you can inspect them every time the system
is placed in operation. Remember, most of the low
pressure problems in a FO service system can usually
be traced to a faulty pressure relief or unloader valve.

Prefilter A P Alarm Operation

Normally, you will test the alarms associated with
the FO prefilter during system start-up, propulsion plant
inspections, and filter element changeout. Your
inspection procedure, however, will be limited to a lamp
status check.

Separator/Coalescer A P Alarms and
Changeover Valve Operation

Depending on the class of ship, these two tests will
likely be performed either according to the PMS or
according to the authorized procedures for a particular
ship. The tests you will be required to perform will
depend on the design of the FO equipment and system
on your ship. Although FO equipment and systems may
differ among gas turbine-powered ships, the testing
procedures and alarm set points are almost identical.
These tests are usually performed as required or for a
propulsion plant inspection.

Unloader Valve

The unloader valve does not have a specific test or
inspection. The only maintenance that you will normally
perform will coincide with the valve maintenance
program (lubrication). Normally, you will inspect the
operation of this valve during system start-up and
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normal operation, and when you are troubleshooting for
system pressure problems.

In any inspection or test of the FO system, your most
important tools are (1) your knowledge of the system
and its normal operating characteristics, and (2) your
understanding and ability to detect the signs and
symptoms of abnormal operation. Once you detect the
problem and trace the cause of abnormal operation, your
next logical step is to remove and replace the faulty
components.

REMOVAL AND REPLACEMENT
OF COMPONENTS

Normally, you will need to remove and replace
components because of component failure. At times,
however, you may be required to perform a partial or
complete removal of a component to satisfy the
guidelines of a required maintenance procedure. To
perform an inspection of a FO flexible coupling, for
example, you will need to perform a partial disassembly
or removal of the coupling components to complete the
task. If you must test a FO pump relief valve, however,
you must completely remove the relief valve from the
system so it can be properly tested. The removal and
replacement procedures you will perform will be based
on the specific inspections, tests, troubleshooting, and
preventive and corrective maintenance required for the
FO system of your ship.

MAIN REDUCTION GEAR LUBE OIL
SERVICE SYSTEM

On any gas turbine-powered ship, the primary
function of the main reduction gear (MRG) lube oil (LO)
service system is to supply oil to the MRG and its
accessories. In the majority of the gas turbine ship
classes, there are three LO service pumps—two are
electric and one is either gear or air driven for each
MRG. In the case of the LCACs, however, each gearbox
has its own pump or pumps. No matter how big or
complex the MRG service system maybe on your ship,
you will need to know the primary components and
functions of this system and what your responsibilities
as a GSM will be to maintain them. In maintaining any
system, your most important tool will be your thorough
knowledge of normal operational characteristics.
Because of this, let’s briefly discuss these systems and
how they work under normal operating conditions.



NORMAL OPERATIONS

In the case of most gas turbine ships, the LO
system supplies oil to the MRG through one of the two
electric pumps. The electric pumps supply oil to the
system when the propulsion shaft is stopped and
augment the attached pump at low shaft speeds. After
the oil leaves the pumps, it fills the main header piping
where it will travel toward the LO unloader valve and
the LO cooler. One exception to this design is the LO
service system on the DDG-51 class ships in which
the oil goes to the main LO filter assembly before it
goes to the cooler.

Unloader Valves

On the DD-963, DDG-993, and FFG-7 class
ships, the unloader valves are pneumatic pilot-type
valves. On the CG-47 and DDG-51 class ships, the
unloader valves are the hydraulically operated
(Cla-valve) design. Although the unloader valves are
of different designs for the different ship classes, they
all perform the same job. They maintain proper design
oil pressure throughout the system by maintaining the
required pressure as sensed at the most remote
bearing. Depending on the ship class, the oil will pass
through the unloader valves to either the oil cooler or
the oil filter assembly. As we mentioned earlier, most
ships have the cooler as the next component in the
line. Because of this, we will discuss this
configuration first.

Lube Oil Coolers

All the LO coolers used on gas turbine ships are
basically the same. The only differences exist in the
way in which the oil temperature is regulated. On the
DDG-51 and FFG-7 class ships, the oil flow is
regulated at the inlet of the cooler to maintain the oil
temperature. On the CG-47, DD-963, and DDG-993
class ships, however, the seawater flow is regulated to
maintain the oil temperature. The placement of the
seawater regulating valve, however, is different for
each of these ship classes. On the CG-47 class ships,
for example, the regulating valve is installed on the
inlet side of the cooler. On the DD-963 and DDG-993
class ships, the regulating valve is placed on the cooler
outlet. Regardless of the class of ship, after the oil
leaves the cooler, it enters a duplex filter or strainer
assembly.
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Filter Assemblies

On the CG-47, DD-963, and DDG-993 class ships,
the filter assembly consists of a single wire mesh strainer
basket in each tower. On the DDG-51 and FFG-7 class
ships, the filter assembly consists of multiple filter
elements in each tower. After the oil leaves the filter

assembly or the cooler, depending on the ship class, it is
then sent to the MRG.

Headers

Lubrication and cooling is provided to the MRG and
its accessories through the main LO headers. The
headers are located at the top of the gear case. Gear and
pinion teeth are lubricated and cooled by spray nozzles
arranged to direct oil across the full face width at the
gear mesh. Oil flow to the journal bearings and main
thrust bearings is controlled by orifice plates. When the
lubrication and cooling process is complete, gravity then
drains the oil back to the sump where the cycle starts
over again.

MONITORING AND TROUBLESHOOTING
PROCEDURES

Now that we have discussed some of the basic
design features of the MRG LO systems of the different
ship classes, let’s talk about some general monitoring
and troubleshooting procedures.

Monitoring equipment performance is the key to
identifying early equipment failures. As a GSM, you
will be the primary technician and watch stander. You
should be knowledgeable in the normal operating
parameters of this system and be able to identify most
abnormalities. Once you have identified a problem, you
must use sound troubleshooting procedures to isolate the
faulty component or components before you can make
the appropriate repairs. In troubleshooting the MRG LO
service system of your ship, you can use the same
general procedures we described earlier for
troubleshooting the FO service system. In the following
paragraphs, we will provide you with some additional
guidelines you can use as tools to help you maintain the
MRG LO system of your ship effectively.

TESTS AND INSPECTIONS

The safe operation and performance of the LO
system on board your ship must be constantly



monitored. By consistently using good maintenance
habits and the PMS as a scheduling tool for routine tests
and inspections, you can ensure the optimum
performance from your system. In the following
paragraphs, we will describe some of the components in
the LO system and the most commonly performed tests
and inspections. As a GSM, you will be responsible for
either performing these tests and inspections or making
sure they are completed correctly.

Lube Oil Strainer/Filter Assembly

Of all the components in the MRG LO service
system, the strainer or filter assembly will probably
receive the most attention. On CG-47, DD-963, and
DDG-993 class ships, the filter/strainer assemblies are
frequently cleaned and inspected. In inspecting and
cleaning your ship’s LO strainer/filter assembly, always
remember to follow the requirements listed in the EOSS.
You should also follow the requirements listed in NSTM,
chapter 262, “Lubricating Oils, Greases, Hydraulic
Fluids and Lubricating Systems.” The requirements
listed in NSTM, chapter 262, may exceed those listed in
your ship’s EOSS. In this case, you should follow all the
requirements in your EOSS and those described in
NSTM, chapter 262, that are not included in your EOSS.
In the following paragraphs, we will tell you about the
requirements set forth in NSTM, chapter 262, as they
pertain to your responsibilities for maintaining the
components of the MRG LO service system on CG-47,
DD-963, and DDG-993 class ships.

Normally, you should shift and inspect the main
propulsion LO strainer baskets once a day. Under the
following circumstances, you must shift and inspect
these baskets once each watch:

® When you detect any indication that pressure
differential has shifted from normal or when any
other symptom of abnormal operation (such as
high bearing temperatures) is seen

¢ For the first 24 hours of operation following a
shutdown in excess of a week, after rough
weather, or any time you notice an abnormal
pressure differential (in excess of 1.5 1b/in®
through the strainer

® For the first 48 hours of operation after repairs to
the LO system or to any equipment serviced by
the LO system have been made

® When the propulsion plant is operating at more
than 85 percent full power
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These inspection requirements are for the LO
filter/strainer assemblies installed in the CG-47,
DD-963, and DDG-993 class ships. The inspection
requirements for the LO filters installed on the DDG-51
and FFG-7 class ships are different. That is why you
should always strictly follow the requirements listed in
the EOSS and PMS for your ship.

Lube Oil Pump Logics

On most gas turbine ships, the LO pump logics are
routinely tested semiannually. In reality, however, this
test is usually performed more frequently because your
ship will perform safety checks for various training and
inspection evolutions throughout the year. These checks
and inspections will include tests of the LO pump logics.

The LO pump logics test is fairly simple to perform.
It does, however, require two people and
communication lines between the LO pressure switch or
pressure transducer and the control console. The
performance of this test is almost the same as that for
the FO pump logics test. For the LO pump logics test,
however, the desired results are different because the
operational design of the LO system is different from
that of the FO system. During a continuous loss of
pressure, for example, the FO system will stop, whereas
the LO pumps will continue to operate. Analysis has
shown that a continuous small amount of oil provided
to a multimillion dollar MRG is less likely to cause
massive damage than no oil at all.

CLEANING AND LUBRICATION

Cleaning and lubrication of the MRG LO service
system are continuous tasks. Proper lubrication of the
components of this system is vital for system
performance and safety. Let’s take a look at some of the
components that will need frequent cleaning and
lubrication.

Valves

Most of the components in the MRG LO service
system that will require frequent cleaning and
lubrication are valves. In cleaning and lubricating these
valves, you must pay close attention to details because
most of this system’s piping and valves are located in
the bilge area. Being in the bilge area means that the
valves are constantly exposed to corrosive elements.



Pump Couplings

Other components that require cleaning and
lubrication are the LO pump couplings. Even though the
couplings will not need as much attention as the valves,
frequent cleaning and lubrication are still very
important.

The procedures for cleaning and lubricating LLO
pump couplings are the same as those we described
earlier in this chapter for the FO pump couplings. The
alignment procedures for LO pump couplings are also
the same as those we described for FO pumps. The main
difference is that the LO system has three pumps,
whereas the FO system has two pumps. Because the
third LO pump is driven by the MRG, the alignment
procedure is much more difficult than the one for the
electric pump. For the MRG LO service systems found
on the CG-47, DD-963, and DDG-993 class ships, the
alignment procedures for the third pump require a
special short shaft assembly. This special shaft is not
normally kept on board these ships. You must acquire
this tool and special assistance to use it from a SIMA or
tender. On DDG-51 class ships, however, the attached
LO pump is mounted on a pedestal in the horizontal
position and will not require any special tools for
coupling alignment.

REMOVAL AND REPLACEMENT
OF COMPONENTS

All relief valves in the LO system are usually
inspected and tested annually. Just like the relief valves
in the FO system, these valves are normally removed
and carried to a SIMA or tender for bench testing. They
can, however, be tested while they are being installed in
the system and they can be inspected every time the
system is placed in operation. As in the FO system, most
of the low pressure problems in an MRG LO service
system can usually be traced to a faulty pressure relief
or unloader valve.

You may need to remove and replace components
because of component failure. Whether you are partially
or completely removing a component for inspection,
testing, cleaning, or lubrication, you should always
follow the EOSS and other specific procedures required
for your ship.
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CONTROLLABLE PITCH PROPELLER
SYSTEMS

Depending on the class of ship, your ship’s
propulsive thrust is provided by a hydraulically
actuated propeller system. Each propeller is driven by
one or two GTEs through a reduction gear assembly
and line shaft.

NORMAL OPERATIONS

The controllable reversible pitch (CRP) or
controllable pitch propeller (CPP) systems installed
on all gas turbine-powered ships perform the same
basic duties. For this reason, we will confine our
discussion of the CRP/CPP systems to the major
differences in the design features and operational
characteristics found on the different ship classes. If
you require additional information on the
fundamental design and operation of these systems,
we recommend you consult the applicable sections of
GSE3/GSM3, volumes 1 and 2.

The CRP/CPP systems were designed to
maximize the ability of the ship’s propulsion GTE
to accelerate and decelerate rapidly and to enhance
its maneuverability. To further enhance the
systems’ performance and to make them more “user
friendly,” some subtle changes were made. These
changes have been installed on the newest gas
turbine ship platform, the DDG-51 class ship. In
the following sections, we will tell you about some
of these changes and the contributions they make
to system performance.

After studying this section, you should have a good
understanding of the design, operation, and major
system differences in the CRP/CPP systems installed on
the different classes of gas turbine-powered ships. You
should also have a basic understanding of your
responsibilities for caring for and maintaining these
systems properly.

DDG-51 Class Ships

As an operator or technician, you should be aware
of the changes incorporated in the CRP/CPP systems
installed on the DDG-51 class ships and the advantages
they offer in the performance and operation of these
systems. Let’s take a look at some of the components
that have changed.
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Figure 5-2.-Emergency pitch arrangement.

OIL DISTRIBUTION BOX.- On the DD-51 class
ships, the configuration of the oil distribution (OD)
box has undergone several changes. First, the
emergency pitch pump hose connections have been
moved from the bottom of the OD box to the low
pressure chamber cover, as shown in Ffigure 5-2]
These changes make it easier for the operator to
make the connections during testing or in case of an
emergency.

PITCH INDICATING SYSTEM.- Another
significant change was made to the pitch indicating
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system. Now there are two types of pitch indicating
systems installed on the DDG-51 class ships. One
system is temperature compensated while the other is
electronic. Because these two systems operate
independently, the DDG-51 class ships have both a
normal and alternate means of measuring propeller
pitch. Let’s take a brief look at both systems.

Temperature-Compensated Pitch Indicator
System.- On the DDG-class ships, the temperature-
compensated pitch scale platform is rigidly connected
to the OD box. The scale platform holds the feedback
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Figure 5-3.-Pitch scale platform showing temperature-compensated pitch indicating system.

potentiometer and local pitch indicator, as shown in
views A and B of This indicator is defined
as

temperature compensated because the indicator arm
is connected to the prairie air tube. (See view B.) The
prairie air tube is normally pressurized with air at a
controlled temperature, and will have a fixed amount
of thermal growth. Hence, the indicator arm is
provided with a thermally stable (temperature
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compensated) surface and a primary means to sense
and indicate propeller pitch and to relay that
information to the machinery control system (MCS).

Electronic Pitch Indicator System.— In
addition to the temperature-compensated pitch
indicator installed on the OD box of DDG-51 class
ships, an electronic pitch position transducer is
installed behind a cover
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plate on the propeller hub, as shown in view A of
. The electronic pitch indicator receives an
input from a sensor assembly mounted inside the
ropeller hub, as shown in detail in view B
The sensor (wand) extends from the small
electronics package (handle) located in the hub cone
and cover into an axial hole drilled into the piston
rod. The hole contains a magnetic ring that allows
the sensor to measure CPP position.

The electronic pitch indicator system also contains
a stationary electronics cabinet, rotary transformer,
and rotating electronics cylinder. The stationary
electronics cabinet is mounted adjacent to the OD
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box. It contains the circuitry to provide a 10-kHz
excitation signal to, and receive a CPP position
feedback signal from, the rotary transformer. The
cabinet also has two light emitting diode (LED)
displays that show propeller pitch in both feet and
percent of design ahead pitch. The rotary transformer
contains both the transducer excitation and output
coils. The rotating electronics rectifies the rotary
transformer excitation to 24 V dc for powering the
hub-mounted transducer and receives the transducer
output. The rotating electronics is attached to the
prairie air tube extension at the end of the OD box. It
regulates



the transducer output to 3 kHz for the rotary transformer.
For a more detailed description of this system’s
operation, consult the DDG-51 propulsion plant manual
or the CPP system technical manual.

CG-47, DD-963, DDG-993, and
FFG-7 Class Ships

With the exception of the previously mentioned
modifications to the CPP system on the DDG-51 class
ships, the basic design of the CRP/CPP systems on all
gas turbine-powered ships is generally the same. The
basic operational characteristics are also fundamentally
the same. If you need to review the basic design and
operational characteristics of these systems, we
recommend you consult GSE3/GSM3, volumes 1 and 2.
Because of the similarities among these systems, we will
describe in general terms some of the troubleshooting
and maintenance tips you can use to monitor and
maintain these systems effectively.

TROUBLESHOOTING AND
MAINTENANCE PROCEDURES

Even though the CRP/CPP systems installed on a
gas turbine-powered ship use the same types of pumps
and fluids as the MRG lube oil system, they are much
more sophisticated. Paying close attention to system
operating pressures is your most important step in
successfully troubleshooting any problems and making
the appropriate repairs. The following paragraphs will
describe some of the common problems associated with
system pressure and the methods you can use to identify
the component or components that might be causing the
problems. Let’s first look at two of the most common
casualties that you can identify just by noting variations
in the system pressure—loss of pitch control and loss of
hydraulic oil pressure.

Loss of Pitch Control

A loss of pitch control can be caused by either a
mechanical or an electrical failure. Mechanical failures
will tend to occur more frequently. You should be aware,
however, that electrical problems can occur that will
occasionally produce a loss of control. Normally, an
electrical problem, such as a broken or loose cannon
plug or loss of feedback position, will require the system
to be shifted to manual control. In the case of the
DDG-51 class ships, however, the CPP system has both
a normal and an alternate system by which the pitch
position can be monitored. If the normal system should
fail to provide command or feedback data, the CPP
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system can be shifted to the alternate system. In
investigating a loss of pitch control on any gas
turbine-powered ship, you must be aware of the
components in the CRP/CPP systems that are most
likely to fail. Let’s take a look at some of the components
you will have to monitor most frequently.

ELECTROHYDRAULIC SERVO VALVE.- The
most common component failure is the electrohydraulic
servo valve. This valve is the primary component for
remote operation and control. If this valve were not
installed, all operations would require personnel to be
stationed at the OD box at all times.

You can easily identify a faulty electrohydraulic
servo valve. Any of the following symptoms should alert
you as to the possible failure of this valve:

1. The pitch fails to respond to a desired change of

the integrated throttle control (ITC).

2. Pitch changes (fluctuations) occur without a
pitch change command.
3. There is a steady increase in hub servo pressure

without a change in system demands.

AUXILIARY RELIEF VALVE.- A faulty
auxiliary relief valve will also cause a loss of pitch
control. If the valve fails in the open position, all of the
control oil will be ported back to the sump. As you
should know, pitch cannot be changed without control
oil to position the auxiliary servo piston in the OD box.
In addition to the loss of pitch control, you should
investigate any loss of pressure. You should be able to
spot a pressure loss by checking the HOPM pressure
gauges. This should be one of your first steps in
checking the system.

REDUCING VALVE.- A faulty reducing valve is
another cause for a loss of pitch control. If this valve
happens to fail in the closed position, the flow of control
oil will be cut off to the auxiliary servo piston and pitch
will fail to respond. Again, this loss of pressure will have
to be viewed at the HOPM during initial system
investigation.

Loss of Hydraulic Oil Pressure

Usually, a loss of hydraulic oil pressure will cause
an alarm to be generated at the PACC/PCC. The
generation of this alarm, of course, will immediately
alert the operator of a problem. The alarm will sound
when casualties occur either to the main relief valve or
to a sequencing valve. The alarm will not sound,
however, when a major leak occurs. Let’s look at the



methods you can use to identify failure of these
components.

MAIN RELIEF VALVE.- A faulty main relief
valve can be identified by a low-pressure alarm at the
console, but the actual answers can be found at the
HOPM. This component failure can be easily identified
by the operator. The operator simply looks at the HOPM
pressure gauges and notes that all pressures are
extremely low or nonexistent.

SEQUENCING VALVE.- You may suspect that a
sequencing valve is faulty by detecting a loss of pitch
control as well as a loss of hydraulic oil pressure,
depending on how the valve fails. For instance, if the
valve fails in the open position, then all the oil would
become high-pressure oil and the low-pressure alarm
would not sound. In this case, the auxiliary servo supply
(control oil) pressure would be drastically low and
system control would fade. On the other hand, if the
sequencing valve were to fail in the closed position, a
low-pressure alarm would sound and alert the operator.
In this instance, the operator would also be able to see
an extremely sluggish pitch response time.

MAJOR LEAK.- A major leak can provide the
same symptoms as a loss of hydraulic oil pressure,
depending on the location of the leak.

We have just told you about some of the components
you should check for failure when you detect a loss of
pitch control or a loss of hydraulic oil pressure. Now,
let’s talk about some of the most common maintenance
procedures you will be expected to perform.

Cleaning and Lubrication

Cleaning is an continuous task. As a GS, you are
likely already aware that good housekeeping practices
must be maintained at all times. Your responsibilities for
cleaning and lubricating the components of the
CRP/CPPsystems are very similar to those we discussed
for the MRG LO system. This is because the majority
of the components that require cleaning in both the
MRG LO system and the CRP/CPP systems are valves.
In cleaning the valves of the CRP/CPP systems, you
must pay close attention to detail. This is because most
of the valves and piping of the CRP/CPP systems are
located in the bilge area. Being in this area, these valves
are constantly exposed to corrosive elements.

Other components that require cleaning and
lubrication are the two CPP pump couplings. Even
though the couplings are not cleaned and lubricated as
frequently as the valves, cleaning and lubricating are
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still very important responsibilities. The procedures for
cleaning and lubricating CPP pump couplings are the
same as those we described earlier in this chapter for the
FO and LO pump couplings.

Alignments and Adjustments

You will routinely make alignments and
adjustments to couplings and other components. You
will usually perform these tasks after you have cleaned
and lubricated the components. Alignments and
adjustments are either scheduled or conditional. During
the cleaning process, for example, you may discover that
a coupling requires an alignment check or adjustment.
To Perform an alignment check you can follow the same
guidelines you would use for checking the alignment of
a FO or LO pump. These guidelines were described
earlier in this chapter.

The CPP system is one of the few systems that you
as a technician will be required to check for proper
operating pressures. You will also be required to make
some of the necessary mechanical adjustments. You will
periodically perform these procedures through your
ship’s PMS. Remember, you must first monitor the
operation of the CPP system as a whole, and then isolate
individual components (one at a time) to ensure they are
functioning properly. Let’s take a look at some of the
components you may be required to adjust and the
functions they are designed to perform when the system
is operating properly.

UNLOADING VALVE.- The unloading valve
unloads the pressure of the attached pump back to the
sump if the electric pump is operating and functioning
properly.

SEQUENCING VALVE.- The sequencing valve
serves two purposes: (1) It maintains a back pressure
on the system to ensure that a minimum of 400 psi is
supplied to the inlet side of the reducing valve, and
(2) it provides high-pressure oil to the OD box.

REDUCING VALVE.- The reducing valve
provides control oil to the OD box.

AUXILIARY SERVO RELIEF VALVE.- The
auxiliary servo relief valve relieves excess control oil
pressure back to the sump.

MAIN RELIEF VALVE.- The main relief valve
relieves excessive pump pressure, either from the
electric pump or attached pump, back to the sump.



REMOVAL AND REPLACEMENT OF
COMPONENTS

This system seldom requires the removal or
replacement of components. However, there is one
component that you will be required to replace—the
electrohydraulic servo valve. As previously discussed,
this valve is in constant use and its probability of failure
is much higher than any other component in the system.

There is only one other set of components that you
will need to remove frequently—the system’s filters. In
fact, you will need to remove these components even
more frequently than the electrohydraulic servo valve.
This is because you will need to remove the filters for
periodic cleaning according to the PMS. Of course, you
will also need to remove them in the event of a casualty.

Now that we have discussed the maintenance and
repair of the major propulsion plant systems, let’s take
a look at the machinery that these systems support.

DRIVE TRAIN EQUIPMENT

Next to the propulsion turbines, the drive train
equipment is probably the most significant equipment
unit in the engineering plant. In this section, we will
discuss the operation and care of the equipment that
transmits the GTEs’ power to the propeller.

MAIN REDUCTION GEAR

The MRG is probably the most significant
component that we will discuss in this section. The
MRG reduces the GTEs’ high rpm to a workable speed
for the propellers. The workable speed is that rpm range
below the cavitation point. The speed reduction capacity
of an MRG must be correctly proportioned according to
the size of the ship, the desired speed range, and the size
of the propeller. Since all MRGs on gas turbine-powered
ships are similar in design, we will discuss the
operational and maintenance requirements in basic
terms.

NORMAL OPERATIONS

The MRGs on the larger gas turbine-powered ships
have multiple engine inputs. To allow for multiple
engine inputs, each engine must be coupled to the MRG
through a special type of clutch assembly: There are two
types of clutch assemblies capable of accommodating
multiple engine inputs. Each larger gas turbine-powered
ship will be equipped with one of these two types of
clutch assemblies.
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The MRGs with multiple engine inputs are all rated
at approximately a 21 to 1 gear reduction ratio (where
3,600 PT speed equals 168 srpm). As the rotation of the
GTEs cannot be reversed and the MRGs are identical on
twin-shaft ships, the MRGs are installed to “mirror
image” each other to allow for opposite shaft rotations.

MAINTENANCE OF COMPONENTS

The amount of MRG component maintenance you
will encounter on gas turbine-powered ships will
depend on the type of MRG installed on your ship. The
variations in maintenance routines will depend on the
type of brake assembly installed on your particular class
of ship. For example, on a DDG-51 or FFG-7 class snip,
an externally mounted PT brake is installed on the
interface between the output shaft of the GTE and the
input shaft of the MRG. In CG-47, DD-963, and
DDG-993 class ships, the PT brakes are internal and part
of the clutch/brake assembly. The systems with the
externally mounted braking systems will normally
require more maintenance than those that are internal.

In addition to the brake assemblies, there are other
components in the MRG system that will require
maintenance. As a GSM, you will likely be required to
perform maintenance on the following components:

1. Sight flow indicators

Shock mounts and snubbers

2
3. Attached pump angle drives
4. Vent fog precipitator

5. Dehumidifier

For these components, your specific maintenance duties
will include cleaning, inspecting, and testing.

Cleaning

Cleaning the MRG is extremely important. The
MRG is equipped with numerous removable inspection
covers and maintenance access plates. Remember, the
cleaner you maintain the MRG, the easier it will be for
you to identify new leaks.

SIGHT FLOW INDICATORS.- Keeping the sight
flow indicators clean is an especially important
requirement. The sight flow indicators must be clean so
bearing oil flow can be properly monitored. Even
though there is not a specific maintenance procedure for
cleaning the sight flow indicator glass, this component
can become covered with an oil film and dirt. By



periodically cleaning the sight flow indicator glass, you
can prevent oil and dirt accumulation.

SHOCK MOUNTS AND SNUBBERS.- The
cleaning of shock mounts and snubbers is covered by
the PMS. For this maintenance requirement, you will
need to keep the rubber portions of the mounts and
snubbers free of paint, dirt, and oils, and to coat them
with a silicone type of lubricant.

ATTACHED PUMP ANGLE DRIVES.- You
must also clean the attached pump angle drives. This
requirement coincides with the overall external cleaning
of the MRG. Remember, each drive unit has two
access/inspection covers, and they can develop leaks.

VENT FOG PRECIPITATOR.- You can also
clean the external portion of the vent fog precipitator at
the same time you perform the overall external cleaning
of the MRG. Normally, all other maintenance will be
performed by the GSEs. Because the MRG casing will
be open when the vent fog precipitator is removed, you
may be called upon to be a safety or security observer.

DEHUMIDIFIER.- Even though the dehumidifier
is not physically attached to the MRG, its cleanliness is
an important requirement. Technically, the cleanliness
of the air filters is what is so important. For the unit to
operate efficiently and to provide the MRG with the
maximum protection from moisture, make sure the
cleaning requirements listed in the PMS are consistently
performed.

TURNING GEAR.- Cleaning the turning gear is
usually a part of the overall cleaning of the MRG.
Keeping the turning gear clean will make it easier for
you to identify any leaks that might develop from the
various flanges and inspection cover plates.

Inspections and Tests

The MRG and its components should be inspected
and tested quite frequently. While in operation, the MRG
and its components are inspected hourly. Remember,
almost all inspections and tests of these components are
requirements of the PMS. Let’s take a look at some of
these components and the most important points you
should watch for while you are inspecting and testing
the MRG.

MAIN REDUCTION GEAR.- The MRG
inspection is the most important inspection you will
perform. Generally, an MRG internal inspection will
take place at the following times:

1. At least once a quarter
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When a casualty or other unusual conditions
exist

When the engineer officer is relieved of his or
her duties

Remember, it is extremely important for all persons
involved in an MRG inspection to adhere strictly to the
prescribed safety and security guidelines. Safety is an
extremely important factor in this inspection. You or
another technician may be required to climb around on
the MRG while accompanying the engineer officer on
this inspection. Another important factor is security.
While the MRG covers are open, all other work that
might possibly interfere with the MRG inspection must
be stopped. A controlled area must be set up around the
MRG. A watch, consisting of E-5 personnel or above,
must be posted to check all personnel and equipment
entering and leaving this area.

ATTACHED COMPONENTS.- In addition to the
MRG, you must also inspect the attached components
for proper operation. In the following paragraphs, we
will look at a few of these components.

Sight Flow Indicators.— Although it is simple in
design, the sight flow indicator will be a very valuable
tool for you in your responsibilities as watch stander.
This small, installed component will allow you to check
the oil flow and oil temperature coming from the
bearing. While the MRG is operating, you must check
the bearing oil flow and oil temperature at least once an
hour.

Shock Mounts and Snubbers.— Although they are
often ignored because they are out of sight, the shock
mounts and snubbers not only maintain the proper
mounting and alignment of the MRG but also reduce the
noise signature of the MRG, which would otherwise be
transferred to the hull. The noise reduction feature is
especially significant in antisubmarine warfare (ASW).
Because shock mounts and snubbers play such
important roles, they should not be ignored. As a good
technician, you should avoid the “out of sight, out of
mind” thinking you may encounter in other technicians
regarding the maintenancc of these components. While
inspecting these components according to the PMS, pay
close attention to details. By giving proper attention to
details, you are doing your job to make certain these
components do not fail prematurely.

Attached Pump Angle Drive.- According to the
PMS, you will occasionally be required to inspect the
attached pump angle drive. Because you must open the
MRG casing to perform this inspection, you are required



to follow the same safety and security guidelines used
during an MRG inspection.

Vent Fog Precipitator.— While the MRG is in
operation, the vent fog precipitator should be inspected
hourly. Check the indicator light installed on a side panel
of the power plant. This light serves two purposes: (1)
to show that supply power is available, and (2) to
indicate that the unit is operating. If the light is out, first
check the unit’s circuit breaker to make sure the unit is
on, then check the indicating light bulb to make sure it
is not loose or burned out. If the circuit breaker is on and
the indicating light bulb is not loose or burned out, then
have a GSE check the unit for proper operation.

Dehumidifier.- The dehumidifier is used whenever
the MRG is in an extended layup of 8 weeks or longer.
During this period the dehumidifier should be checked
daily for proper operation and to ensure the relative
humidity of the gear casing remains below 35 percent.

Turning Gear.- As far as inspections go, special
inspections of the turning gear will be limited to those
times when the equipment fails. Consistent performance
of the PMS should allow you to keep this equipment in
good working order and to limit any special inspections
resulting from equipment failures.

During any inspection, it is important for you to be
thorough, especially if you are performing an inspection
after a casualty. In the following section, we will tell you
about some of the important steps you should take and
the conditions you should check when you are
troubleshooting the failure of an MRG component.

Troubleshooting

The MRG itself is not very complex. To identify a
problem in the MRG, you can use the prescribed
inspection procedures contained on the PMS
maintenance requirement card and those for
troubleshooting contained in NSTM, Chapter 9420,
“Propulsion Reduction Gears, Couplings, and
Associated Components,” to help you pinpoint the
problem. The attached components, however, make the
MRG more complex to deal with.

As we explained earlier, the attached MRG
components include the sight flow indicators, shock
mounts and snubbers, pump angle drive assembly, and
turning gear. In the following paragraphs, we will tell
you about some important troubleshooting lessons
learned by experienced technicians that you can use to
deal with these attached components.
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SIGHT FLOW INDICATORS.-As we mentioned
earlier, you will use the sight flow indicators to monitor
the oil flow of the MRG bearings. If the oil flow is
reduced or if it disappears, this mayor may not indicate
a serious problem. In any event, you should investigate
the condition immediately according to your ship’s
EOCC. In the following paragraphs, we will describe
some of the problems that could cause these symptoms
to appear and some methods that can help you to isolate
them.

Restricted or Reduced Oil Flow.- This condition
can be caused by a blockage (dirt) in the sight flow
indicator itself, a partially unseated oil supply tube, a
small hole in the oil supply tube, or a blockage in the
bearing oil passage. Of these conditions, blockage in the
bearing oil passage is the only one that might indicate a
serious problem.

A blockage in the bearing oil passage can result
from the introduction of a foreign object, such as a rag,
into the LO system. Dirt, or even the babbit of a
damaged bearing can also cause a blockage. Whichever
of these problems has occurred, the process of
identification is the same. To help identify the problem,
you can use the following steps, keeping in mind that
these steps are not meant to replace other already
approved troubleshooting procedures for your ship:

1. First, you must determine if the reduced oil flow
remains unchanged at various speeds. For example, if
the oil flow increases at a slower speed, you can
eliminate a blocked sight flow indicator, an unseated oil
supply tube, or an oil tube with a hole in it as the probable
cause. With these conditions, the reduced oil flow would
remain unchanged. An increase in oil flow at slower
speeds could signify a bearing problem. A damaged
bearing, for example, could possibly have moved
because of the changing thrust requirements during
speed changes. A moved bearing could have, in turn,
covered or uncovered the bearing oil passage. If the
bearing appears to be the problem, the engineer officer
must determine if he or she wants ship’s force to
continue the investigation or call for outside assistance.

2. Now, with the engineer officer present, you can
determine if the problem is associated with the sight
flow indicator or its supply tube. You can do this by
carefully removing the sight flow indicator. First,
inspect the sight flow indicator for a blockage. If you
detect no blockage, remove and inspect the oil supply
tube for damage or shrinkage. If you detect no problems
in these areas, then you must seriously consider a full
MRG inspection to determine if a foreign material has



entered the oil system. The condition must be resolved
before it damages any other components on the MRG.

No Oil Flow Evident in an Individual Sight Flow
Indicator.- If there is no oil flow detected in any one of
the sight flow indicators, this may or may not be a
serious problem. According to the EOCC, however, you
should always treat this symptom as if it were an
indication of a loss of LO pressure to the entire MRG.
Once the MRG is stopped, you can begin
troubleshooting by using the approved procedures. In
most cases, you will find the casualty was caused by one
of the previously mentioned problems we discussed in
the section concerning restricted or reduced oil flow.

SHOCK MOUNTS AND SNUBBERS.- A typical
shipboard technician would have trouble identifying a
problem with the MRG shock mounts and snubbers
unless the problem were obvious. You will likely
discover the more obvious problems, such as severe
MRG vibration, loose, missing, or broken mounting
bolts, or large cracks in the shock mount or snubber
isolation material, during your operation or PMS
inspections. The repair work will be accomplished by a

ship repair facility under the direct supervision of the
Naval Sea Systems Command (NAVSEASYSCOM).

PUMP ANGLE DRIVE ASSEMBLY.-
Determining a problem in this area is not very difficult.
Symptoms such as excessive noise, difficulty in
engaging or disengaging the drive, and a high failure rate
of the attached pump flexible couplings are all good
indications of a damaged drive assembly. If the problem
is caused by a failed bearing, the ship can usually make
the repairs. In most cases, however, the drive shaft will
be damaged and machine work will probably be
required. If this is the case, assistance from a repair
activity will be needed because your ship is not likely to
have the experienced personnel or the required materials
for this type of work.

TURNING GEAR.-If the problem with the turning
gear is mechanical, then you would probably approach
troubleshooting the problem in much the same manner
as you would a problem with the pump angle drive
assembly. Just remember the turning gear is driven by
an electric motor and not by the MRG. If the problem is
electrical, you will need to call upon a GSE to assist in
the troubleshooting.

Removal and Replacement of Components
Remember: Before you remove or replace any

components that require the MRG casing to be opened,
the engineer officer must be present. In most cases, if
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the casing covers must be opened for any reason other
than inspections, such as bearing removal, the work will
be performed by an outside activity. While the repairs
are being made, however, ship’s company may be
allowed to assist in the repairs and will be required to
provide the security watches.

There are a few components that you may be
authorized to remove and repair. These components are
the attached pump angle drive assemblies and the
clutch/brake assemblies, with we will discuss in the
next section.

CLUTCH AND BRAKE ASSEMBLIES

Depending on the type of ship to which you will be
assigned, you will encounter either one or both of the
two types of clutch assemblies currently in use on gas
turbine-powered ships. The first and most widely used
clutch assembly is the syncro-self-shifting (SSS) type.
This type of clutch assembly is installed on all CG-47,
DDG-51, and FFG-7 class ships. The other is a
pneumatically operated, forced-synchronization type of
clutch assembly, which is installed on DD-963 and
DDG-993 class ships.

Along with the two types of clutch assemblies, there
are two types of PT brake assemblies installed on gas
turbine-powered ships. One ship class has a separate
shaft brake assembly, The type of brake as