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1. No attenpt has been made to issue corrections for errors
in typing, punctuation, etc., that do not affect your
ability to answer the question or questions.

2. To receive credit for deleted questions, show this
errata to vyour local <course adnmnistrator (ESO scorer).
The local course administrator is directed to correct the
course and the answer Kkey by indicating the question
del et ed.

3. Assignnent Bookl et

Make the follow ng changes:

4- 44 ADD the word "rise" after 20°F

4-54 CHANGE "clean oil" to "cleaning fluid"

Delete the following questions, and |leave the corresponding
space blank on the answer sheet:
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PREFACE

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

COURSE OVERVIEW: In completing this nonresident training course, you will demonstrate a
knowledge of the subject matter by correctly answering questions on the following subjects: Administration
and Training; Measuring and Repair Instruments; Internal Combustion Engines; Speed Control Devices;
Refrigeration and Air Conditioning; Compressed Air Systems; Laundry, Mess Decks, Galley, and Scullery
Equipment; Auxiliary Equipment; and Lathe and Machining Operations.

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

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

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

“l am a United States Sailor.

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

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

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

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

ASSIGNMENTS

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

SELECTING YOUR ANSWERS

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

SUBMITTING YOUR ASSIGNMENTS

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

Grading on the Internet:
Internet grading are:

Advantages to

e you may submit your answers as Soon as
you complete an assignment, and

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

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

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

assignment

http://courses.cnet.navy.mil

Grading by Mail: When you submit answer
sheets by mail, send all of your assignments at
one time. Do NOT submit individual answer
sheets for grading. Mail all of your assignments
in an envelope, which you either provide
yourself or 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 sheet.

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

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

COMPLETION TIME

Courses must be completed within 12 months
from the date of enrollment. This includes time
required to resubmit failed assignments.



PASS/FAIL ASSIGNMENT PROCEDURES

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

If you receive less than a 3.2 on any assignment
and your overall course score is below 3.2, you
will be given the opportunity to resubmit failed
assignments. You may resubmit failed
assignments only once. Internet students will
receive notification when they have failed an
assignment--they may then resubmit failed
assignments on the web site. Internet students
may view and print results for failed
assignments from the web site. Students who
submit by mail will receive 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
also be used to provide instructions to the
student. If a course has an errata, it will be
included as the first page(s) after the front cover.
Errata for all courses can be accessed and
viewed/downloaded at:

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

STUDENT FEEDBACK QUESTIONS

We value your suggestions, questions, and
criticisms on our courses. If you would like to
communicate with us regarding this course, we
encourage you, if possible, to use 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
Phone: Comm: (850) 452-1001, Ext. 1826
DSN: 922-1001, Ext. 1826
FAX: (850) 452-1370
(Do not fax answer sheets.)
Address: 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.)
Address: 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 personnel. For Naval Reserve retire-
ment, this course is evaluated at 6 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

ADMINISTRATION AND TRAINING

Everytime you advance in paygrade, you increase
your responsibility for administration and training. This
chapter deals briefly with some of your administrative
responsibilities and then touches on certain aspects of
your responsibility for training others.

ENGINEERING RECORDS AND LOGS

As an EN2, you will be primarily concerned with
updating logs and similar records. Some of the logs and
records are official, legal records. Others are used to
ensure proper and timely upkeep of the ship’'s
equipment. The information given in the following
sections is intended to help you learn how to prepare and
use the logs and records. The standard forms for the logs
and records are prepared by the various systems
commands and the CNO. The forms are for issue to
forces afloat and are available as indicated in the
Unabridged Navy Index of Publications and Forms,
NPFC PUB 2002 D. These forms are revised as
conditions warrant and personnel ordering them must
be sure they order the most current forms. If you need
similar forms for local use, ensure that an existing
standard form will not serve the purpose before you
request that a special form be prepared and printed.

LEGAL ENGINEERING RECORDS

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

Engineering Log

The Engineering Log is a complete daily record, by
watches. It covers important events and data pertaining
to the engineering department and the operation of the
ship’s propulsion plant. The log must show the
following information:

1. Thetota engine miles steamed for the day

2. Draft and displacement upon getting underway
and anchoring
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3. The disposition of the engines, boilers, and
principal auxiliaries and any changes in their disposition

4. Any injuries to engineering department
personnel

5. Any casualties to engineering department
machinery, equipment, or material

6. Other matters specified by competent authority

Depending on your training and watch position, you
may have to either make entries in the Engineering Log
or both make and verify such entries. Whatever the case,
each entry must be made according to instructions given
in (1) the Engineering Log form, NAV SHIPS 3120/2D;
(2) the Naval Ships' Technical Manual (NSTM), chapter
090; and (3) directives issued by the type commander.
Each entry must be a complete statement using standard
phraseology. The type commander’s directives may
contain other specific requirements pertaining to the
Remarks section of the Engineering Logs for ships of
the type.

The original Engineering Log, prepared neatly and
legibly inink or pencil, is alegal record. Do NOT keep
arough log. Keep the Engineering Log current. Enter
each event onto the Engineering Log as it happens. No
erasures are permitted in the log. When a correction is
necessary, draw a single line through the original entry
so that the entry remains legible. The correct entry must
be clear and legible. Corrections, additions, or changes
are made only by the person required to sign the log for
the watch This person then initials the margin of the

page.

The engineering officr of the watch (EOOW) or
the senior petty officer of the watch (SPOW) should
prepare the remarks for the log and should sign the log
before being relieved at the end of the watch or duty day.
The engineer officer verifies the accuracy and
completeness of all entries and signs the log daily. The
log sheets must be submitted to the engineer officer in
time to allow him or her to check and sign them before
noon of the day following the date of the log sheet(s).
The commanding officer approves the log and signs it
on the last calendar day of each month and on the date



he or she relinquishes command. Completed pages of
the log, filed in a post-type binder, are numbered
consecutively. They begin with the first day of each
month and run through the last day of the month.

When the commanding officer (or engineer officer)
directs a change or addition to the Engineering Log, the
person directed must comply unless he or she believes
the proposed change or addition to be incorrect. In that
event, the commanding officer or engineer officer will
personally enter his or her comments and sign the log.
After the log has been signed by the the commanding
officer, it may not be changed without his or her
permission or direction.

Engineer’s Bell Book

The Engineer’s Bell Book, NAVSHIPS 3120/, isa
record of al bells, signals, and other orders received by
the throttleman for movement of the ship’s propellers.
Entries are made in the Bell Book by the throttleman (or
an assistant) as soon as an order is received. Entries are
usually made by the assistant when the ship is entering
or leaving port, or engaging in any maneuver that is
likely to involve numerous or rapid speed changes. This
procedure allows the throttleman to devote his or her
undivided attention to answering the signals.

The Bell Book is maintained in the following
manner:

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

2. The time of receipt of the order is recorded in
column number 1.

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

a. 1/3-ahead 1/3 speed

b. 2/3-ahead 2/3 speed

C. l-ahead standard speed
d. Il-ahead full speed

e. lll-ahead flank speed

f. z-stop
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g. B1/3-back 1/3 speed

h. B2/3-back 2/3 speed

i. BF-back full speed

j. BEM-back emergency speed

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

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

For ships and craft equipped with controllable
reversible pitch propellers, the propeller pitch in feet and
fractions of feet set in response to a signaled speed
change, rather than the shaft revolution counter
readings, is recorded in column 4. The entries for astern
pitch are preceded by the letter B. Each hour, on the hour,
entries are made of counter readings. This helps in
calculating engine miles steamed during the time the
propeller pitch remained constant at the last value set in
response to a signaled order.

On ships with gas turbine propulsion plants, a bell
logger provides an automatic printout each hour. This
printout is also provided whenever propeller rpm or
pitch is changed by more than 5 percent, when the
engine order telegraph is changed, or when the
controlling station is shifted. Provision must be made
for manual logging of datain the event the bell logger
is out of commission (OOC).

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

NOTE: A common practice is also to have the
throttleman sign the Bell Book before it is signed by the
EOOW or hisor her relief.

The Bell Book is maintained by bridge personnel in
ships and craft equipped with controllable reversible
pitch propellers and those in which the engines are
directly controlled from the bridge. When control is
shifted to the engine room, however, the Bell Book is
maintained by the engine-room personnel. The last entry
made in the Bell Book on the bridge shows the time that
control is shifted. The first entry made in the Bell Book



in the engine room shows the time that control is taken
by the engine room. Similarly, the last entry made by
engine-room personnel shows when control is shifted to
the bridge. When the Bell Book is maintained by the
bridge personnel, it is signed by the officer of the deck
(OOD).

Alterations or erasures are not permitted in the Bell
Book. An incorrect entry is corrected by drawing a
single line through the entry and recording the correct
entry on the following line. Deleted entries are initialed
by the EOOW, the OOD, or the watch supervisor, as

appropriate.
OPERATING RECORDS AND REPORTS

Engineering operating records are used to ensure
regular inspection of operating machinery and to
provide data for performance analysis. Operating
records do not replace frequent inspections of operating
machinery by supervisory personnel nor do they
necessarily warn of impending casualties. Personnel
who maintain operating records must be properly
trained to correctly obtain, interpret, and record data,
and to report any abnormal conditions.

The type commander’s directives specify which
engineering operating records must be maintained and
prescribe the forms to be used when no standard record
forms are available. The engineer officer may require
additional operating records when he or she deems them
necessary.

The operating records discussed in this chapter are
generally retained on board for a period of 2 years, after
which they may be destroyed according to current
disposal regulations. Completed records must be stowed
so they will be properly preserved and can be easily
located.

Diesel Engine Operating Record

The Diesel Engine Operating Record-All Ships,
NAVSEA 9231/2 (figs. I-Tand 1-2), is a daily record
maintained for each operating diesel engine. In ships
with more than one main engine in the same engine
room, a separate record sheet is maintained for each
operating engine.

The watch supervisor enters the remarks and signs
the record for his or her watch. The petty officer in
charge of the engine room or the senior engineman
checks the accuracy of the record and signs the record
in the space provided on the back of the record. Any
unusual conditions noted in the record are immediately

1-3

reported to the engineer officer, and the record is sent to
the engineer officer for approval.

Fuel and Water Accounts

The maintenance of daily diesel fuel, lubricating ail,
and water accounts is vital to the efficient operation of
the engineering department. Forms and procedures
necessary to account for fresh water and fuel are
generally prescribed by the type commanders.

The accounts tell the engineer officer the status of
the ship’sliquid load and form the basis of engineering
reports submitted to higher authority.

Ship and unit commanders must know the exact
amount of burnable fuel on hand. When you compute
the amount of burnable fuel on board, consider only the
fuel in the service and storage tanks. All the fuel below
the fuel suction line is considered not burnable.

Fuel and Water Reports

The Fuel and Water Report, NAV SEA 9255/9 (rev.
2-80) (figs. 1-3[and 1-4), is a report submitted daily to
the commanding officer. This report indicates the
amount of fuel oil and water on hand as of midnight, the
previous day. The Fuel and Water Report also includes
the previous day’ s feed and potable water consumption
figures and results of water tests. The original and one
copy are submitted to the OOD in sufficient time for
submission to the commanding officer or command duty
officer with the 1200 reports. The copy is retained by
the OOD.

Monthly Summary

The Monthly Summary of Fuel Inventory and
Steaming Hours Report, CINCLANTFLT 3100-4, is a
comprehensive monthly report of engineering data.
These data are used to calculate the operating efficiency
and general performance of the ship’s engineering plant
(sedlfig. 1-5). Requirements for this report are contained
in fleet commander instructions. The engineer officer
prepares the report, has the supply officer verify the fuel
receipt figures, and forwards it to the commanding
officer. The commanding officer approves the report and
sends it directly to the fleet commander. One copy is
retained on board in the files of the engineering
department. An additional copy of the report may be
provided to the type commander.

The Monthly Summary includes the ship’'s fuel
receipts data, fuel consumption and steaming hours
necessary to establish monthly financial obligations,
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NAVSEA 9255/9 (1-79) (Front) FUEL AND WATER REPORT DATE
{Formerly NAVSEA 8510/1)
TO: COMMANDING OFFICER, USS
FUEL LUBE OfL WATER
{GALLONS) (GALLONS) (GALLONS)
BOILER FUEL DIESEL FUEL STORAGE TANKS POTABLE RESERVE FEED

ON HAND LAST REPORT

RECEIVED  (+)

DISTILLED  (+)

EXPENDED )

GAIN (+) LOSS (-)
BY INVENTORY

ON HAND THIS REPORT

ON HAND %

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

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

Figure 1-3—Fuel and Water Report (front).

and fuel requirements data for budget justification. This
report includes all fuel data as of 2400 hours of the last
day of the month. Fleet commander instructions contain
detailed instructions for completing the forms, as well
as the definitions of the terms used.

In addition to data on fuel inventory, the report
contains space for fuel consumed underway, fuel

consumed not underway, and fuel consumed by boats.
Space is also provided for total steaming hours broken
down as underway and not underway.

Most engineer officers prefer to compile the
necessary data for this summary on a daily basis rather
than wait until the end of the month and make
computations from the various records. If you prepare



NAVSEA 8255/9 {1-79) (Back)
BOILER WATER CONDITIONS
HOURS RECORD THE BOILER WATER TEST RESULTS IN THE DESIGNATED SPACES. RESULTS NOT
SINCE CLEANING WITHIN LIMITS MUST BE CIRCLED IN RED AND EXPLAINED IN REMARKS ON THE FRONT OF
THIS REPORT,

LAST SAMPLE RANGE OF RESULTS ToTAL
acn | Fime w:;}sﬁn. WQ;I'DEEH- LAYUP Lo NG
NO. SIDE PHOS- {CKLOR: PHOS- | CHLOR.- CODE

IMECH) | (CHEM) PH | COND. | ppate | 1DE PH [ COND. | pyate | 10E HOURS
MAX
MIN
MAX
MIN
MA_X
MiN
MAaX
MIN
MAX
MIN
MAx
MiN
MAX
MIN
MAX
MIN
DEAERATED FEEDWATER CONDITIONS
SYSTEM DISSOLVED OXYGEN (PPB) SALINITY INDICATOR (EPM CHLORIDE] pH
1 2 3 3 [ 2 3 a 1 2 3 4
MAX MAX MAX
RANGE
OF MIN MIiN MIN
RESULTS
BOILER WATER LIMITS: TYPE A TYPE B BOILER LAYUP
oM 10.20 - 10.60 9.80 - 10.20 DRY
CONDUCTIVITY (UMHOS/CM) 600 MAX 400 MAX DES DESICCANT
PHOSPHATE (PPM) 50120 25 - 80 HTD  HEATED AIR
CHLORIDE {EPM) NOTE 1 NOTE 1
WET
PSI STEAM
NOTE 1. SHOULD NOT NORMALLY EXCEED 1.00 EPM {CONTAMINATION NOT OCCURRING) 5T™ ::3",)
. sTs 150 PSI STEAM
FEEDWATER LIMITS: ALL SHIPS (SHORE!
DISSOLVED OXYGEN (PPB) 15 PPB 8Y METER, 15 PPB BY CHEMICAL TEST NIT NITROGEN
SALINITY (EPM CHLORIDE) 0.02 DFT  HOT DFWFILL
pH 8.60.9.00 HYD HYDRAZINE
PREPARED BY: REVIEWED: REVIEWED:
(OIL KING} {MPA) {ENGINEER QFFICER)

Figure 1-4—Fuel and Water Report (back).

or assist in preparing this report, be very careful with
your mathematical calculations and ensure that they are
accurate. Doing so will help to avoid the necessity of

resubmitting a corrected form later.

Daily Boat Fueling Record

The Daily Boat Fueling Record is a routine record
of daily fueling, which is highly recommended for any
ship that carries or maintains a number of boats. Use of
this schedule will help prevent specia fuelings at
unusual hours and will keep the boats ready for



MONTHLY SUMMARY OF FUEL INVENTORY CINCLANTFLT REPORT 3100-4
AND STEAMING HOURS REPORT

. . {No letter of tronsmirtol required.
LANTFLT 3100/1 (Rev. 7/73) 0103-LF-631-0011 Submit by 3rd of following month.)
FROM {Nome, type, hull no.] uic MONTH/YEAR
uss
TO COMMANDER IN CHIEF MAIN PROPULSION FUEL TYPE (Check one)| OPR CDR CODE DAYS UNDERWAY
U.S. ATLANTIC FLEET (CODE 042) (3 NsFo ] 4p-s {SEE REVERSE}
NORFOLK, YA, 231513 O oresec 0 otstiLLaTE
NSFO DIESEL JP.5 DISTILLAYE
(GALLONS) (GALLONS) {GALLONS) (GAL LONS)

FUEL INYENTORY ON BOARD
BEGINNING OF MONTH

RECEIPTS DURING MONTH +)

GAIN BY INVENTORY (+)

LOSS B8Y INVENTORY, STRIPPING, [
CONTAMINATION -

TOTAL MONTHLY DELIVERIES TO (=)
SHIP, HELO, ETC.

FUEL CONSUMED UNDERWAY (-}

FUEL CONSUMED NOT UNDERWAY (-}

FUEL CONSUMED FOR BOATS, AUX, ETC. (-]

FUEL INVENTORY DN BOARD

END OF MONTH (Bal)
STEAMING STEAMING NOT UNDERWAY TOTAL HOURS
UNDERWAY NOT UNDERWAY COLD IRON FOR MONTH

HOURS

FUEL RECEIPTS - DETAIL FROM ISSUING .
Lsmi‘ gn SHORE ACTerITY FUEL DELIVERIES - DETAIL AND DOCUMENT NUMBERS
Date . From Type Gallons Date To Type Gallons
SUBMITTED RECEIPTS/DELIVERIES FORWARDED APPROVED
VERIFIED
CHTEF ENGINEER SUPPLY OF FICER CONMMANDING OFFICER

Figure 1-5—Monthly Summary of Fuel Inventory and Steaming Hours Report, CINCLANTFLT Report 31004.

unexpected calls. The following list contains the — Operating hours of fuel remaining

recommended headings for this record: )
— Fueled or not fueled to capacity
— Boat humber

— Fuel capacity in gallons Digtilling Plant Operating Record

— Gallons on hand N : . .
The Distilling Plant Operating Record is a daily
— Approximate fuel consumption in gallons per record of the operation of the ship’s evaporators and

hour their auxiliaries. Entries are made for each hour of the
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watch while the distilling plants are in operation.
Different ships have different types of distilling plants,
but al of the daily distilling plant operating records
require practically the same data.

The information required by this record consists of
the following:

1. Temperature, pressure, vacuum, flow, chemical
analysis, and density data from various points in the
distilling plant

2. Scaling record for each evaporator unit, which
includes the date of the last scaling, the hours operated,
and the quantity of distilled water produced

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

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

day

You must make accurate entries in the Distilling
Plant Operating Record! Accurate entries not only help
predict troubles but, should abnormal operating
conditions suddenly develop, aid in locating the sources
of trouble.

For other recommended miscellaneous records,
refer to NSTM, chapter 90.

DISPOSAL OF ENGINEERING RECORDS
AND REPORTS

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

Both the Engineering Log and Engineer’s Bell Book
must be preserved as permanent records on board ship
for a 3-year period unless they are requested by a naval
court or board, or by the Navy Department. In such case,
copies (preferably photostatic) of records that are sent
from the ship are certified by the engineer officer as
being true copies and are put in the ship’sfiles.

At regular intervals, such as each quarter, records
that are over 3 years old are 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 forwarded to the nearest Nava
Records Management Center.

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

Finally, to control the volume of paper work, reports
should only be kept on board ship if they

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

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

MEASURE PROGRAM

All equipment requiring calibration or servicing
should be maintained at maximum dependability. To
meet this requirement, the Chief of Naval Material
implemented the Metrology Automated System for
Uniform Recall and Reporting (MEASURE).

The MEASURE system is atool for your use. It is
only as good as the information that you put into it.
Therefore, it is important that all the information be
complete, legible, accurate, and consistent.

As an EN you will be required to read gauges to
determine if the equipment is operating properly. The
gauges must be calibrated periodically to assure their
accuracy. The MEASURE program provides this
calibration. In this section, we will discuss some of the
major parts of the MEASURE system.

METER CARD

The METER card is a five-part color-coded form to
which the equipment identification and receipt tag is
attached. It is filled out by either the customer or the
calibrating activity. You will have a METER card for
every item for which you are responsible that requires
cdibration.

This card is used to record a calibration action, to
add or delete items from inventory, to reschedule
calibration, to transfer custody, or to record manhours
for a completed calibration.

The white copy of a completed METER card is sent
to the MEASURE Operational Control Center
(MOCC), where the information is keypunched into a
computer to update the MEASURE data base. The new
information is then printed on another METER card[and



sent back to the customer activity to be used the next
time another transaction is to be completed.

Accurate data, completeness, and legibility in filling
out the meter card is essential. Remember a computer
CANNOT think!

FORMAT 310

This report is sent to you every month and is an
inventory of all your items, including overdue and
delayed items. If you have any additions, deletions, or
corrections to this format, submit them to the MOCC on
either the METER card or on the Add-On-Inventory
form.

FORMAT 350

This report is aso sent to you monthly and is for
information purposes. It is prepared in a
customer/subcustodian sequence to readily identify all
items held on subcustodian basis by other activities. This
format is produced concurrently with format 310. Both
formats 310 and 350 will have the last calibration dates
of al items and the due dates of their calibrations.

FORMAT 802

Format 802 is a recall schedule. It is updated and
distributed monthly. It tells you what equipment is due
for calibration that month. It is sequenced by customer
activity, by subcustodian, and by calibration
laboratories.

EQUIPMENT AND INSTRUMENT
TAG-OUT

Whenever you make repairs, you will be required to
isolate and tag-out that equipment or section of the
system. The tag-out program provides a procedure to be
used when a component, piece of eguipment, system, or
portion of a system must be isolated because of some
abnormal condition. The tag-out program also provides
a procedure to be used when an instrument becomes
unreliable or is not operating properly. The major
difference between equipment tag-out and instrument
tag-out is that tags are used for equipment tag-out and
labels are used for instrument tag-out.

Tag-out procedures are described in Standard
Organization and Regulations of the U.S. Navy,
OPNAVINST 3120.32B. and represent the minimum
requirements for tag-out. These procedures are
mandatory and are standardized aboard ships and repair
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L ———
CAUTION

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

L T e e ey

|

SERIAL Ne.

R TN TN

DO NOT OPERATE THIS
EQUIPMENT UNTIL SPECIAL

THOROQUGHLY UNDERSTOOD.

INSTRUCTIONS BELOW ARE

CAUTION

Figure 1-6—CAUTION tag.

I [
DANGER
. DO NOT OPERATE

activities. The following definitions are used in the
tag-out bill:

SERIAL NO

DANGER

00 NOT OPERATE
OPERATION OF THIS EQUIPMENT WILL

ENDANGER PERSONNEL OR HARM THE
EQUIPMENT . THIS EQUIPMENT SHALL
NOT BE OPERATED UNTIL THIS TAG
HAS BEEN REMOVED BY AN ALTHOR
[ZED PERSON.

Figure 1-7-DANGER tag.

1. Authorizing officer-This individual has the
authority to sign tags and labels and to have tags and
labels issued or cleared. The authorizing officer is
aways the officer responsible for supervising the
tag-out log. The commanding officer designates
authorizing officers by billet or watch station. The
authorizing officer for engineering is normaly the
EOOW underway and the engineering duty officer
(EDO) in port.

2. Department duty officer (DDO) (repair activities
only)-This individual is designated as DDO on the
approved watch bill or plan of the day.



3. Engineering officer of the watch (EOOW)-This
individual may be either the EOOW or the EDO,
depending on engineering plant conditions.

4. Officer of the deck (OOD)-This individual may
be either the OOD or the ship’s duty officer, depending
on the ship’s condition.

5. CAUTION tag (See[fig. 1-6.)-This is a
YELLOW tag used as a precautionary measure. It
provides temporary specia instructions or warns that
unusual caution must be used to operate the equipment.
These instructions must state exactly why the tag is
installed. Use of phrases such as “DO NOT OPERATE
WITHOUT EOOW PERMISSION” is not appropriate.
Yellow tagged equipment or systems must not be
operated without permission from the responsible
supervisor. The CAUTION tag may not be used if
personnel or equipment can be endangered while
working under normal operating procedures. In such
cases, a DANGER tag must be used.

6. DANGER tag (Se¢fig. 1-1)-Thisis a RED tag
that prohibits the operation of equipment that could
jeopardize the safety of personnel or endanger
equipment, systems, or components. Equipment may
not be operated or removed when tagged with
DANGER tags.

7. OUT-OF-CALIBRATION labels (See(figl
[1-8])-These are ORANGE labels used to identify
instruments that are out of calibration and do not give
accurate readings. These labels warn that the
instruments may be used for system operation, but only
with extreme caution.

8. OUT-OF-COMMISSION labels (Seelfigl
[1-9)-These are RED labels used to identify instruments
that will not give accurate readings because they are
either defective or isolated from the system. The
instruments should not be used until they have been
recertified for use.

9. Repair activity—This is any activity other than
the ship’s force that is involved in the construction,
testing, repair, overhaul, refueling, or maintenance of
the ship (intermediate or depot level maintenance
activities).

10. Ship’'s force-These are personnel who are
assigned to the ship and are responsible for the
maintenance and operation of the ship’s systems and
equipment. Only qualified personnel are authorized to
make a tag-out.

11. Tag-out log-This is the control document used
to administer the entire tag-out procedure.
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OUT OF CALIBRATION
SERIAL NO. DATE

AUTHORIZED BY/%QNCURRENCE

TAG BY TIME

ERROR

Figure 1-8-Out-of-calibration label.

OUT OF COMMISSION
SERIAL NO. DATE

AUTHORIZED BY/CONCURRE NCE
BY

TAG 8Y TIME

Figure 1-9.-Out-of-commision label.

TAG-OUT LOGS

The number of tag-out logs on a ship depends on the
ship’s size. For example, a minesweeper or
nonnuclear-powered submarine may need only one
tag-out log; a major surface combatant may need a
separate log for each major department. Individual force
commanders specify the number of logs needed and
their location.

A tag-out log is a record of authorization for each
tag-out action. It includes the following information:

1. A copy of OPNAVINST 3120.32B and any
amplifying directives needed to administer the system.

2. The DANGER/CAUTION Tag-out Index and
Record of Audit (Index/Audit Record). This is a
sequential list of all tag-outsissued. It provides a ready
reference of existing tag-outs, ensures that serial
numbers are issued sequentially, and is useful in
conducting audits of the log. A sample of thisindex is
shown in[figure 1-10. Index pages with all tag-outs listed
as cleared may be removed by the department head.

3. DANGER/CAUTION Tag-out Record Sheet
(figs_1-11 and 1-12). All tags that have been used in the
tag-out of a particular system are logged on one
DANGER/CAUTION tag-out record sheet along with
the reason for the tag-out. All effective sheets are kept
in one section of the log.

4. Instrument Log (fig. 1I-13). Labels used with
OUT-OF-CALIBRATION and OUT-OF-COM-
MISSION instruments are logged in the instrument log.

5. Cleared DANGER/CAUTION Tag-out Record
Sheets. Sheets that have been cleared and completed are




DANGER/CAUTION TAG-OUT INDEX AND RECORD OF AUDIT
{INDEX/AUDIT RECORD)

LOG DATE TYPE DESCRIPTION {SYSTEM, COMPONENT, WORK DATE
SERIAL | ISSUED | (DANGER/CAUTION} | PERMIT OR TEST DOCUMENT REFERENCE) CLEARED

S e e
e — = f\\?\ﬁ

! | | ]

Figure 1-10.—Danger/Caution Tag-out Index and Record of Audit.

DANGER/CAUTION TAG-OUT RECORD BHEET
MAVSEA $210/9 (AEV 8.8)) {Contd on Reverse)

SYSTEM OR COMPONENT

J}DA“H‘“ JTAG-OUT wsULD

LOG BERIAL NO.

REASON FOR TAG-OUT

PERSONNEL/ EQUIPMENT HAZARD S INVOLVED (Monstvort for dunger segs)

AMPUFYING INSTRUCTIONS (Mandevery far conswm g

WORK NECESSARY TO CLEAR TAGHS!] (teriwing wea)

PSIGNATURE OF PETTY OFFICER IN CHARGE OF WORK SIGNATURE OF REPAIR ACTIVITY REP. (#hw eyrep ;
[
1
§ = [SIGNATURE OF 8ECOND PERSON SIGNATURE OF OFFICER AUTSURLZING TAG(S)
ol (Wonh) Dntr Qre)
*¥

OPERATIONS/WORK ITEMS INCLUDED IN TAG-OUY
PETTY OFRICER AUTHORZING WORK COMPLETE

DOCUMENTATION ACOMONAL DATE/ M OWUAGES OFRCER® AUTH OFFICER
Le. Job Ordr Rp-Ow O/P. o) TAG TMES SECOND REPAIR AEPAIR DATE
SALBER & TTLE MAsERS ADOEO PERSON ACTVTY REP ACTIITY REP
IEgpasrsoy ror (Whra apprep p (Whem appron )

For added k nly. Where not appli,
O Creck box If continued on 0dd1 1 sheet. ;w o ‘N/‘A..:m tems only J¥)

§/N D118.L5-092-1048 Figure 6 DANGER/CAUTION Tag-out Record Sheet

Figure 1-11.—Danger/Caution Tag-out Record Sheet (front).
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DANGER/CAUTION TAG-OUT RECORD SHEET
NAVSEA §210/B (REV 8 B1)(BACK)

POSTING CLEARANCE AUIHDAUTED
roSTION POSTED | CHECKED| (3gneimmi DATE - at
oM oy By " MOViD
:Aoa LOCATION CONDITION o~ ey AUTHORING NEPAIR R(Losso W
mrt) Py OFFICEA ACTVITY [

Togn remored & dertroved Synem Lneup cheekit) compleied | Ovies Time
when requred Sysiem of component rtivined 10 Bormal speraliag N
CONdVISR | Drirw weappbwrohls pursms | il
.

Condition Prescribed By

SIGNATURE OF WATCM OFFICER/DUTY OFFICER

O Contnued on addi 1. shees (Check box if
apphicable)

Figure 1-12—Danger/Caution Tag-out Record Sheet (back).
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KAVSHIPS 93890/10 (REV, 7-67)
(Formerty NAVSHIPS 50V1— N/S0105-642-0100

INSTRUMENT LOG

LABEL
canoiTion | oaTermime | INSTAUMERT | o0 TiGN AND/OR | AUTHORIZED BY
CODE AND | LABELED | MAMEOR CORRECTION FACTOR | {SIGNATURE)

NOD. NUMBER

ATTACHED

8y

INITIALS

LABEL
CLEARANCE
WORK NECESSARY T0 CLEAR | DATEITIME | (i oRizEp gy | REMOVED
CLEARED | SiGNATURE) By
(INITIALS)

LABEL CONDITION CODE: OCC - OUT OF COMMISSION
CAL -, OUT OF CALIBRATION

LINE OUT COMPLETE ENTAIES

Figure 1-13.—Instrument Log.

transferred to this section of the log until they are
reviewed and removed by the department head.

TAG-OUT INFORMATION

A tag-out procedure is necessary because of the
complexity of modem ships and the cost, delays, and
hazards to personnel that can result from the improper
operation of equipment. Learn and use the following
guidelines:

1. Enforce the tag-out procedure at all times. You
must do this during normal operations as well as during
construction, testing, repair, or maintenance.

2. Do not use tags or labels as a substitute for other
safety measures. Examples are chaining or locking
valves, removing fuses, or racking out circuit breakers.
However, you must attach tags to the fuse panel, the
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racked-out circuit breaker cabinet, or alocked valve to
show a need for action. You do not need to use tags
where a device will be locked during normal operations.

3. Use tags to show the presence of, and the
requirement for, freeze seals, blank flanges, or similar
safety devices. When equipment or components are
placed out of commission, use the tag-out procedures to
control the status of the affected equipment. Examples
are disconnecting electrical leads, providing jumpers, or
pulling fuses for testing or maintenance.

4. Never use tag-outs to identify valves, to mark
leaks, or for any purpose not specified in the tag-out
procedure.

5. Do not laminate tags or labels for reuse. The
reuse of tags or labelsis not allowed.



6. The absence of atag or label may not be taken
as permission for unauthorized operation of equipment.

7. Whenever a tag or label is issued, correct the
situation requiring the tag or label so it can be removed
as soon as possible.

8. The tag-out procedure is for use by the ship’'s
personnel on the equipment and systems for which they
are responsible. However, repair activity personnel
should use the procedure to the maximum extent
practicable with systems and equipment that are still
under construction.

9. Standard Organization and Regulations of the
U.S. Navy, OPNAV Instruction 3120.32B, is also
required when work is being done by an intermediate
level maintenance activity on equipment or systems that
are the responsibility of the ship’'s force. Sometimes a
ship is under construction or assigned to a repair activity
not under the control of the type commander. When that
happens, the ship’s force and the repair activity may
have to agree on the use of tags and labels. In this case,
the tag-out system should be formal in nature and
familiar to both the repair activity and the ship’s force.

10. Any person who knows of a situation requiring
tags or labels should request that they be issued and

applied.

11. When using labels, you should list on the log any
associated requirements specified for installation
procedures, test procedures, work permits (ripouts or
reentries), or system turnover agreements.

12. Make each decision on a case-by-case basis as
to whether an OUT-OF-COMMISSION or an
OUT-OF-CALIBRATION instrument label is to be
used. In general, if the instrument error is small and
consistent, you can use an OUT-OF-CALIBRATION
label and the operator may continue to use the
instrument. When you use an
OUT-OF-CALIBRATION label, mark on the label the
magnitude and units of the required correction.
However, when you use an OUT-OF-COMMISSION
label, the instrument should not be used.

13. Use enough tags to compl etely isolate a section
of piping or circuit being worked on, or to prevent the
operation of a system or component from all stations that
could exercise control. Use system diagrams or circuit
schematics to determine the adequacy of all tag-out
actions.

14. Careful planning of tag-outs can significantly
reduce the number of record sheets and tags. Planning
can also reduce the effort required to perform audits,
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particularly during periods of overhaul or repair. For
example, a system and the equipment serviced by the
system can be isolated and tagged-out at its boundaries
with other systems. Then severa different actions can
be performed within the boundaries. Also, only one
tag-out record sheet with associated tags will be required
for the work within the boundaries. When you initiate
the tag-out, include all known work items in the
Operations/Work Items Included in Tag-out section. If
you add work items to a tag-out record sheet after initial
issue, take the following action:

a. If no additional tags are required for the new
work, have the authorizing officer and, if required, the
repair activity representative make sure the work is
consistent with the purpose of the tag-out. New work
must be fully described in the Operations/Work Items
Included in Tag-out section of the record sheet. The
authorizing officer should make a thorough review to
ensure the completeness and accuracy of the existing
tag-out. This is the same procedure used to initiate a new
tag-out record sheet for the added work The authorizing
officer (and repair activity representative) should sign
the appropriate blocks next to the added item.

b. Additional tags may be needed to provide
enough isolation for work that is to be added. If so, you
must follow the procedures described later in this
chapter for adding tags to an existing record sheet.

PROCEDURES

Assume that a requirement for tags has been
identified, and that the affected system will be out of
commission as a result of the tag-out action. The
authorizing officer must ask the commanding officer
and the responsible department head for permission to
begin the tag-out. The authorizing officer must also
notify the responsible division officer of the requirement
for tag-out. On ships having damage control central
(DCCQC), the authorizing officer must notify DCC if the
affected system or component will be out of
commission. The authorizing officer should have
approval from either the OOD or the EOOW if the
tag-out will affect systems under their responsibility.
After obtaining permission, the authorizing officer
should direct the preparation of the tag-out record sheet
and tags according to the following procedures. The
procedures may be modified during overhaul periods at
the discretion of the commanding officer.

1. PREPARING TAGS AND THE RECORD
SHEET. DANGER and CAUTION tags and the
associated tag-out record should be prepared as follows:



a. The person designated to prepare the tag-out
is normally the ship’s force petty officer in charge of the
work This person fills out and signs the record sheet and
prepares the tags.

b. A tag-out record sheet is prepared for a
specific purpose. All tags used for that purpose are listed
on an initial record sheet and additional sheets as
necessary. The stated purpose may include several work
items. Each record sheet is assigned a log serial number
in sequence, from the index/audit record. Log serial
numbers are also used to identify all tags associated with
a given purpose. Each tag is given its own sequential
number as it is entered in the record sheet. For example,
tag 7-16 would be the sixteenth tag issued on a single
record sheet with the log serial number seven. To
differentiate among tag-out logs, a prefixed system,
approved by the commanding officer, is used with the
log serial numbers.

c. Thetag-out record sheet includes references
to other documents that apply. Some examples are work
permits, work procedures, repair directives, reentry
control forms, test forms, and rip-out forms. Certain
information should be gotten either from reference
documents or from the personnel requesting the work
Some examples are the reasons for tag-out, the hazards
involved, the amplifying instructions, and the work
necessary to clear the tags. This information should be
detailed enough to give watch standers a clear
understanding of the purpose of, and necessity for, each
tag-out action.

d. Use enough tags to completely isolate the
system, piping, or circuit being worked on. Be sure you
use tags to prevent the operation of a system or
component from all the stations that could exercise
control. Use system diagrams or circuit schematics to
determine the number of tags needed. Indicate the
location and position/condition of each tagged item by
an easily identifiable means. Some examples are MSH,
STBD TG BKR, OPEN, SHUT, BLANK FLANGE
INSTALLED.

e. After you have filled out the tags and the
tag-out record sheet, have a second person make an
independent check of the tag-out coverage and usage.
That person should use appropriate circuit schematics
and system diagrams. The second person verities the
completeness of the tag-out action by signing the record
sheet.

f. The authorizing officer then reviews the
record sheet and tags for adequacy and accuracy. When
satisfied, the officer signs the record sheet and the tags.
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(1) If a tag-out is requested by a repair
activity, the repair activity representative (shop
supervisor or equivalent) must sign the tag-out record
sheet. This shows that the repair activity is satisfied with
the completeness of the tag-out. Verified tags alert all
personnel that the repair activity must approve the
removal of the tags.

(2) If the repair activity representative's
concurrence is not required, this space on the record
sheet need not be filled in.

(3) On ships with DCC, the authorizing
officer annotates the tag-out record sheet in the upper
right-hand corner with the words DCC notified, and then
initials it. This ensures that DCC knows the extent of the
tag-out and the status of the material condition of the
unit.

(4) The authorizing officer then authorizes
installation of the tags.

g. The person attaching the tag must make sure
the item tagged is in the prescribed position or condition.
If the item is not in the prescribed position or condition,
he or she must get permission from the authorizing
officer to change it to the prescribed condition or
position. As each tag is attached and the position or
condition is verified, the person attaching the tag must
sign the tag and initial the record sheet.

NOTE: Only a qualified person from the ship's
force may position equipment and affix tags and labels.
The tags should be attached so they will be noticed by
anyone who wants to operate the component. Tags must
NOT be attached to breaker covers or valve caps that
may be removed later.

h. After all tags have been attached, a second
person must independently verify proper item
positioning and tag attachment, sign each tag, and initial
the record sheet. If repair activity concurrence is
required, a repair activity representative must witness
the verification, sign the tags, and initial the tag-out
record sheet.

NOTE: Only qualified ship’s force personnel may
perform the second check of tag installation.

i. Sometimes additional tags are required
because of added work on an existing tag-out record
sheet. In that case, the person making the change must
handle the DANGER and CAUTION tags and tag-out
record sheet as follows:



(1) Ensure that the purpose of the existing
record sheet remains unchanged by the new work and
its associated tags.

(2) Fill out the tag-out record sheet to reflect
the added work. Prepare whatever additional tags are
required. Review the reason for the tag-out, the hazards
involved, the amplifying instructions, and the work
necessary to clear the tags. Do this on the existing
tag-out record sheet to ensure that it reflects the old work
and the new work being added to the record sheet. After
completing the review of the record sheet, have the petty
officer in charge of the work sign the first coverage
check block next to the added work item.

(3) Number each tag added to the existing
tag-out sequentially, beginning with the number after the
last number in the original tag-out. Annotate the serial
numbers of the new tags next to the associated new work
item on the record sheet. Enter the updated number of
effective tags at the top of the record sheet by crossing
through the previous number and writing in the new
number.

(4) After the new tags and the tag-out record
sheet have been filled out and signed by the petty officer
in charge of the work, have a second person make a
review. The second person makes an independent check
of the tag coverage and usage by referring to appropriate
schematics and diagrams. This person should sign the
record sheet in the block for the new work item to show
satisfaction with the completeness of the tag-out actions.
This includes both the additional and the previously
issued tags.

(5) Request that the authorizing officer and,
when required, the repair activity representative review
the entire record sheet and the new tags for completeness
and accuracy. They should then sign their respective
blocks for the added work item. The authorizing officer
will then issue the tags.

j. Do not allow work to start until all the
DANGER tags required for the protection of personnel
or equipment have been attached according to
established procedures.

2. REMOVING DANGER AND CAUTION
TAGS. Remove these tags immediately after the
situation requiring the tag-out has been corrected. As
each work item identified on the tag-out record sheet is
completed, delete it from the tag-out record sheet.
Completed work items listed in the Operations/Work
Items Included in Tag-Out section of the record sheet
must be signed off. This is done by the authorizing
officer (and repair activity representative, when
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required) in the designated signature block. All
DANGER tags must be properly cleared and removed
before a system or portion of a system can be
operationally tested and restored to service. To remove
individual tags, the authorizing officer must ensure that
the remaining tags provide adequate protection for
work, testing, or operations that still remain to be
performed. Tags may only be removed following the
signed authorization of the authorizing officer. When a
tag-out action was initiated by a repair activity, an
authorized representative of that repair activity must
concur that the job is complete. A shop supervisor or
equivalent must sign the tag-out record sheet before the
tags may be removed. As the tags are removed, the
date/time of removal must be initialed. Ditto marks are
not allowed. All tags must be returned immediately to
the authorizing officer. This officer then requires a
system lineup or a lineup check Tags that have been
removed must be destroyed after they have been
delivered to the authorizing officer. All tags associated
with each specific tag-out action must be destroyed and
the system or component returned to normal operating
(shutdown) condition. The authorizing officer must then
certify these actions by entering the date and time when
the system lineup or lineup check was completed. In a
case where a system or component restoration was
performed according to a specific document, reference
to that document is made in the Condition Prescribed By
block Inapplicable portions of the statements on the
record sheet are lined out and initialed when a valve
lineup check is not required or when the system is not
returned to a normal condition. The authorizing officer
must also enter the date and time cleared on the
appropriate line of the tag-out index/audit record. The
completed record sheets must be removed from the
effective section of the log and placed in the completed
section, They will be reviewed and removed by a
designated officer. On ships having a DCC, the
authorizing officer must notify DCC that the tag-out has
been cleared. To complete the process, the authorizing
officer must annotate the completed tag-out record sheet
in the lower right-hand corner on the reverse side with
the words DCC notified, and then initial it.

a. When any component is tagged more than
once, the DANGER tag takes precedence over all other
tags. All DANGER tags must be removed and cleared
before the equipment may be operationally tested or
operated.

b. A missing or damaged tag is reissued by
indicating on the tag-out record sheet, on the line
corresponding to the damaged or missing tag, that the
tag was missing or damaged and that a replacement was



issued. The new tag is issued using the next number in
the tag-out record sheet. The authorizing officer should
sign the tag-out record sheet to authorize the clearing of
damaged or missing tags and to authorize their
replacement.

3. ISSUING AND REMOVING LABELS. Labels
are issued and removed in a manner similar to that
required for tags.

a. The authorizing officer authorizes the use of
labels by signing the label and the instrument log. When
labels are required for reactor plant systems and reactor
plant support systems, the repair activity representative
concurs by signing on the label and in the instrument log
next to the signature of the authorizing officer.

b. Second check signatures are not required on
the label or on the instrument log.

c. When a label like one of those shown in
figures1-8 and |-9 is assigned, it must be affixed to the
exterior surface of the affected instrument, so operators
can easily determine the status of the instrument.

d. A different procedure is used for installed
instruments not associated with propulsion plants on
nuclear-powered ships and for portable test and radiac
equipment. In these cases, the labels shown in figures
[-8 and -9 may be replaced by those affixed by a
qualified instrument repair or calibration facility.

ENFORCEMENT

Tag-out logs are kept in the spaces designated.
Supervisory watch standers must review the logs during
watch relief. They must also check outstanding tags and
labels and conduct an audit of the tag-out log as
described in the following list. The authorizing officer
must ensure that the checks and audits are performed at
the required frequency and that the results are reported
to the cognizant officer.

1. All outstanding tags listed on each tag-out
record sheet must be checked to ensure they are installed
correctly. This is done by comparing the information on
the tag with the record sheet and the item on which each
tag is posted. When a valve or switch position is
prescribed, a visual check of the item is made unless a
cover, cap, or closure must be removed. Checking the
operation of a valve or switch is not authorized as part
of a routine tag-out audit. A spot check of installed tags
must be conducted to ensure the tags are effective; that
is, that they are covered by an active tag-out record
sheet. All discrepancies in actual position must be
reported at once to the responsible watch/duty officer
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before the tag audit is continued. The date, time, type of
discrepancies (including corrective action), and
signature of the person conducting the check must be
logged on each tag-out record sheet.

2. All outstanding tag-out record sheets must be
audited against the index/audit record section. As part
of the audit, each tag-out record sheet should be checked
both for completeness and to ensure that the installed
tags were checked. The date, discrepancies noted, and
the signature of the person conducting the audit must be
logged by aline entry in the index/audit record section
of the tag-out log.

3. The installation of instrument labels and the
auditing of logs must also be checked. A line entry made
in the instrument log containing the date, the time, the
discrepancies noted, and the signature confirms the
check

4. Checks and audits of all tag-outs are usually
performed every 2 weeks.

5. Results of audits are reported to the responsible
department head.

The responsible department head should frequently
check the tag-out log, note errors, and bring them to the
attention of the persons responsible. This is to ensure
that tag-out/label procedures are being enforced
properly. Completed tag-out record sheets and
instrument logs should be removed after the review.

A violation of any tag-out compromises the entire
tag-out system and may have serious consequences.
Therefore, strict adherence to the tag-out procedure,
without exception, is required of all personnel.

1. Labels must be removed immediately when the
affected instrument has been satisfactorily repaired,
replaced, aligned, or calibrated.

2. Tags, which have been removed, must be
destroyed.

Remember, always insist on proper tag-out. It helps
to prevent accidents, both minor and major.

SHIP-TO-SHOP WORK

Many repair jobs are designated by the ship or
approved by the repair activity as “ship-to-shop” jobs.
In this type of job, the ship’s force does a large part of
the repair work For example, the repair or renewal of a
damaged pump shaft might well be written up as a
ship-to-shop job. The ship’s force will disassemble the
pump and remove the shaft. Then the shaft and any
necessary blueprints or technical manuals are delivered



to the designated shop of the repair activity. After the
shaft has been repaired, or a new one has been made, it
is picked up and brought back to the ship by the ship’s
force. The pump is reassembled, inspected, and tested
by the ship’s force to make sure it is operating
satisfactorily.

An important thing to remember is that the repair
facility is responsible for ensuring that its personnel
repair or manufacture this this to the manufacturer’s
specifications, perform all tests required by quality
assurance (QA), and fill out properly all the required
forms. You, however, are responsible for witnessing any
test required by QA, monitoring the status of the job at
al times, and reassembling and test operating the pump
properly. The end results will produce a reliable,
operating piece of equipment.

EQUIPMENT TESTS

As an EN2, you will assist in scheduling and
performing various tests on your equipment. The
purpose of those tests is to determine how your
equipment is performing and if there are any equipment
malfunctions. The tests are performed at various times,
such as (1) before the ship goes to the shipyard for
overhaul, (2) after post deployment, (3) during a tender
availability, or (4) as required by PMS. The tests are
performed by the ship’s force, IMA personnel, shipyard
personnel, or an inspection team (such as a Board of
Inspection and Survey [INSURV]). Detailed types of
inspections are described in COMNAVSURFLANT
Maintenance Manual, COMNAVSURFLANT INST.
9000.IC or COMNAVSURFPAC Ship and Craft
Maintenance Manual, Volumes 1 and 2, Planned
Maintenance, COMNAVSURPAC INST. 4700.1B.

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

ENGINE TREND ANALYSIS

Preventive maintenance receives a great deal of
attention from everyone in the field of diesel engine
operation, since letting an engine run as long as it will
run and fixing it only after a breakdown occurs is not
only foolish, but extremely costly. On the other hand,
you would be just as foolish to constantly tear down an
engine just to inspect it. You should know that vital parts
of an engine last longer and operate better if they are not
tampered with unnecessarily. Therefore, an attempt
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must be made to find a happy medium between these
two forms of maintenance.

One way to determine the condition of an engineis
by monitoring its operation. This is done by regularly
obtaining certain engine operating data and by studying,
analyzing, and comparing it with previous data. This
information is then reduced to a form that all
engineering personnel can interpret and decide whether
the engine needs to be overhauled or just temporarily
shut down for ssmple maintenance. For more detailed
procedures, refer to NAVSEA S9233-C3-
HBK-010/010, Diesel Engine, Over 400 BHP, Trend
Analysis Handbook

SPECTROGRAPHIC ANALYSIS

Spectrographic analysis is a method of determining
engine or equipment wear by analyzing engine oil and
hydraulic oil samples for chemicals and particles not
found in new oil or hydraulic fluid. This anaysis is done
in laboratories on samples provided by ships according
to instructions given in their sampling kits.

Ships must maintain accurate records of operating
hours since major overhauls, oil changes, and samplings
to provide the testing facility with the information
requested in the sampling kit. (COMNAVSURFLANT
uses the services of the Charleston Naval Shipyard, and
COMNAVSURFPAC uses intermediate maintenance
activities (IMAs) for analyzing oil samples from
machinery employing closed lube oil/hydraulic
systems.) In addition, ships must maintain a record of
conditions found and repairs made as a result of
laboratory recommendations.

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

1. All samples are tested for fuel dilution, and a
report by percent volumeis provided to al concerned.

Iron (Fe) Nickel(Ni) *Sodium (Na)
Lead (Pb) Silver (Ag) Phosphorous (P)
Copper (Cu) Tin (Sn) Zinc (Zn)
Chromium (Cr) |Silicon (Si) Calcium (Ca)
Aluminum (Al) |Boron (B) Barium (Ba)

*Only when evidence of water is present.




2. All samples are tested for solids by being spun
in a centrifuge. Solids will settle at the bottom of the
sample.

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

When the physical test is completed, the
shipyard/IMAs will make a spectrometric analysis of
each used oil sample, then report to all concerned the
concentrations of the following elements in parts per
million (ppm).

Additional information on trend analysis and oil
spectrometric analysis is contained in
COMNAVSURFLANTINST 9000.1C or
COMNAVSURFPACINST 4700.1B.

POTABLE WATER SYSTEMS

The potable water system supplies scuttlebutts,
sinks, showers, sculleries, and galleys and provides
makeup water for various freshwater cooling systems.
This system is often called the freshwater system. The
term fresh water is not correct because fresh water is not
potable unless it is safe for human consumption.

Potable water may be contaminated during
production, handling, storage, or distribution. Treatment
with a halogen, such as chlorine or bromine, is the only
approved method of disinfecting potable water.
Submarines and servicecraft are not equipped to use the
halogen treatment method. They are provided with
emergency methods to treat fresh water. The ship’s
engineering and medical departments are responsible
for the receipt, distribution, and quality testing of
potable water. For more in-depth information
concerning potable water systems, refer to NSTM,
Chapter 533, “Potable Water Systems.” Additional
references related to potable water systems are shown
in the following list.

Title and Publication Numl

NSTM, Chapter 090, “Inspections, Tests, Records,
and Reports’

NSTM, Chapter 220, “Boiler Water/Feedwater”

NSTM, Chapter 9580, “Distilling Plants Low
Pressure Submerged Tube Steam Plants”

NSTM, Chapter 9480, “Piping Systems”

NSTM, Chapter 631, “Preservation of Ships In
Service (Surface Preparation and Painting)”

NSTM, Chapter 670, “Stowage, Handling, and
Disposal of Hazardous General Use Consummables’

Manual of Naval Preventive Medicine for Potable
Water Shore-to-Ship Delivery, NAVMED P-5010-5

Manual of Naval Preventive Medicine for Potable
Water Ship-to-Ship Delivery, NAVMED P-5010-6

Potable Water Sandards, BUMEDINST 6240.3

TRAINING

By the time you have reached the EN2 level of
experience, you have acquired many skills and a
considerable amount of theoretical knowledge. As an
ENZ2, you will be responsible for passing these skills and
knowledges on to other, lower-rated Enginemen.
Success in training others requires that you have or
develop certain additional skills as an instructor.

TRAINING RESPONSIBILITIES

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

You will find excellent genera information on how
to plan, carry out, and evaluate an instructional program
in Military Requirements for Petty Officer Second
Class, NAVEDTRA 12045, and in Military
Requirements for Petty Officer First Class, NAVED
TRA 12046.

Our discussion does not include the basic
information given in these references. Instead, it deals
with some of the difficulties peculiar to the training of
the engine-room and auxiliary personnel and some of
the ways in which you can overcome or minimize these
difficulties.

What kinds of things cause special problemsin the
training of engine-room personnel? For one thing, the
interrelationship of propulsion plant operations. Each
person must be trained to perform not only as an
individual but also as a member of a team. Take for
instance the duties of the watch standers. They are very
closely related, and the actions taken by one person
depend in some way upon the actions taken by other
persons. From a long-range point of view, however, the
teamwork required for engine-room operations can
actually be turned to atraining advantage. As a person
is being trained for one specific duty, he or she will
naturally learn something about the other duties. As a
rule, therefore, the first part of a person’s engine-room
training may take quite a while, but the last part will take
much less time.
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The procedures for training a new person in
engine-room operations vary considerably, depending
upon such factors as the ship’s steaming schedule, the
condition of the engine-room machinery, the number of
experienced personnel available to assist in the training,
and the amount of time that can be devoted to the
training. In general, however, you will probably begin
by training the trainee to act as messenger. Then, before
the trainee is assigned to any actual duty, he or she
should be introduced to the engine room and become
familiar with the location of all machinery, equipment,
piping, and valves. The trainee must also be instructed
in certain basic safety precautions and be specifically
warned about the dangers of turning valve wheels or
tampering with machinery. “IF IN DOUBT, ASK
QUESTIONS!” is a pretty good rule for any new person
in the engine room to follow.

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

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

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

In training engine-room personnel who have not had
previous engine-room experience, remember that an
engine room can be a complicated and confusing place
to someone who walks into it for the first time. A lot of
equipment is crammed into a small space, and a lot of
complex actions are going on at the same time. When
training new personnel, try to think back to the time
when you first went into an engine room. What aspects
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of engine-room operations were most confusing to you
at first? What kind of training would have made your
learning easier and faster? By analyzing your own early
experience and reactions, you get a bearing on what a
new person may experience and you may be able to
provide more effective training.

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

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

SAFETY TRAINING

Because of the necessity for strict observance of
safety precautions, all engine-room operational training
must be rigidly controlled and supervised. On-the-job
training is necessary if an individual is to acquire the
actual skills needed for main engine operation;



however, the person must not be alowed to learn by trial
and error, since errors could be too dangerous and too
costly. Safety precautions should be taught from the very
beginning and should be emphasized constantly
throughout the training program.

Many of the NSTMs, manufacturer’s technical
manuals, and every Planned Maintenance System
(PMS) maintenance requirement card (MRC) include
safety precautions. Additionally, OPNAVINST
5100.19B. Naval Occupational Safety and Health
(NAVOSH) Program Manual for Forces Afloat, and
OPNAVINST 5100.23B, NAVOSH Program Manual,
provide safety and occupationa health information. The
safety precautions are for your protection and to protect
equipment.

During preventive and corrective maintenance, the
procedures may call for personal protective equipment
(PPE) such as goggles, gloves, hearing protection, and
respirators. When specified, your use of PPE is
mandatory. You must select PPE appropriate for the job
since the equipment is manufactured and approved for
different levels of protection. If the procedure does not
specify the PPE, and you aren't sure, ask your safety
officer.

Most machinery, spaces, and tools requiring you to
wear hearing protection are posted with hazardous noise
signs or labels. Eye hazardous areas requiring you to
wear goggles or safety glasses are also posted. In areas
where corrosive chemicals are mixed or used, such as
the morpholine tank or brominators, an emergency eye
wash station must be installed.

All lubricating agents, oils, cleaning materials,
refrigerants (R-12), and boiler water and feedwater
chemicals used in maintenance and repair are hazardous
materials. Hazardous materials require careful handling,
storage, and disposal. PMS documentation provides
hazard warnings or refers the maintenance person to the
Hazardous Materials User’s Guide (HMUG). Material
safety data sheets (MSDSs) also provide safety
precautions for hazardous materials. All commands are
required to have an MSDS for each hazardous material
they havein their inventory. Y ou must be familiar with
the dangers associated with the hazardous materials you
use in your work Additional information is available
from your command’'s hazardous material/hazardous
waste coordinator.

Workers must always consider electrical safety
when working around any electrical or electronic
machinery or equipment. Procedures normally include
special precautions and tag-out requirements for
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electrical safety. You should review your command’'s
electrical safety program instruction and procedures
before beginning any work on electrical or electronic
equipment or before working with portable electrical
tools.

TRAINING PROGRAMS

Asan EN2, you are required to assist your EN1 or
ENC in establishing or maintaining a training program
for your work center. For this program you are required
to teach the proper methods of equipment operation,
repair, and safety. You should use all appropriate
materials as teaching aids, such as manufacturer’'s
manuals, instructions, and NSTMs. In addition, you
should know what schools are available.

In recent years, one of the best ways to check on
how well personnel retain the information being taught
in the training program has been the use of the Personnel
Qualification Standard (PQS).

A PQS is a written list of knowledge and skills
required to qualify for a specific watch station, maintain
a specific piece of equipment or system, or perform as
a team member within an assigned unit. The PQS
program is a method for qualifying personnel to perform
their assigned duties.

Most standards are divided into four sections:
Fundamentals, Systems, Watchstations, and a
Qualification Card. The Fundamentals section contains
the facts, principles, and fundamentals concerning the
subject for which a person is qualifying. The Systems
section deals with the maor working parts of the
installation, organization, or equipment with which the
PQS is concerned. The Watchstation section defines the
actual duties, assignments, and responsibilities needed
for qualification. The Qualification Card has questions
that match those in the Watchstation section and
provides a space for the supervisor’s or the qualifying
officer's signature.

In addition to qualifying under PQS, both you and
your subordinates must satisfy Maintenance and
Material Management (3-M) Systems and general
damage control qualification requirements.

ENGINEERING OPERATIONAL
SEQUENCING SYSTEM (EOSS)

Each new ship that joins the Navy is more
technically advanced and complex than the one before.
The main propulsion plants call for engineering skills at
ever higher levels of competence. That means more and



better training of personnel who must keep the ships
combat ready. The need for training and the problem of
frequent turnover of trained personne call for some kind
of system that can be used to keep things going smoothly
during the confusion. The EOSS was developed for that

purpose.

EOSS is a set of manuals designed to eliminate
problems due to operator error during the alignment of
piping systems and the starting and stopping of
machinery. It involves the participation of all personnel
from the department head to the fireman on watch.
EOSS consists of a set of detailed written procedures,
using charts, instructions, and diagrams. These aids are
developed for safe operation and casualty control of a
specific ship’s engineering plant and configuration.
EOSS improves the operational readiness of the ship’s
engineering plant by providing positive control of the
plant. This, in turn, reduces operational casualties and
extends machinery life.

EOSS is divided into two subsystems: (1)
engineering operational procedures (EOPs) and (2)
engineering operational casualty control (EOCC).

ENGINEERING OPERATIONAL
PROCEDURES (EOPS)

EOPs are prepared specifically for each level of
operation: plant supervision (level 1), space supervision
(level 2), and component/system operator (level 3). The
materials for each level or stage of operation contain
only the information necessary at that level. All
materials are interrelated. They must be used together to
maintain the proper relationship and to ensure positive
control and sequencing of operational events within the
plant. Ships that do not have EOSS use operating
instructions and a casualty control manual for plant
operations.

ENGINEERING OPERATIONAL
CASUALTY CONTROL (EOCC)

This subsystem of EOSS enables plant and space
supervisors to RECOGNIZE the symptoms of a possible
casualty. They can then CONTROL the casualty to
prevent possible damage to machinery, and RESTORE
plant operation to normal. The documents of the EOCC
subsystem contain procedures and information that
describe symptoms, causes, and actions to be taken in
the most common engineering plant casualties.
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ENGINEERING CASUALTY CONTROL

The best form of casualty control is prevention. If
you do not let a casualty happen, you will not have to
fix it.

Preventive maintenance is one of the principal
factors of casualty control. Preventive inspections, tests,
and maintenance are vital to casualty control. These
actions minimize casualties caused by MATERIAL
failures. Continuous detailed inspections are necessary
to discover worn or partly damaged parts, which may
fail at a critical time. These inspections eliminate
maladjustments, improper lubrication, corrosion,
erosion, and other enemies that could cause early failure
of avital piece of machinery.

The inspections, tests, and maintenance called for
in the 3-M systems must be performed conscientiously
since they are based on the known requirements of
preventive maintenance.

Still, casualties do happen. When they do, the
success of the mission, the safety of your ship, and the
lives of your shipmates may depend on your ability to
handle the situation. That means continuous training and
frequent refresher drills to be sure you can do your part,
and do it well.

Engineering casualty control is used to prevent,
minimize, and correct the effects of operational and
battle casualties. These casualties will be on engineering
space machinery, related machinery outside of
engineering spaces, and the piping installations
associated with the various pieces of machinery. The
mission of engineering department personnel is to
maintain all engineering services in a state of maximum
reliability under all conditions. If you cannot provide
these services, the ship may not be able to fight.

The use of EOCC procedures was discussed at the
beginning of this chapter. These procedures are prepared
and approved for your ship.

Steps involved in handling engineering casualties
can be divided into three general phases:

i

2. Supplementary action to stabilize the plant
condition.

Immediate action to prevent further damage.

3. Restoration action to restore equipment to
operation after a casualty. Where equipment damage has
occurred, repairs may be necessary to restore
machinery, plants, or systems to their original condition.

Communication of accurate information is one of
the major problems in casualty control. Be sure you



know the names and operations of the equipment at your
normal watch station and your battle station. Be sure you
know what the casualty is before you take corrective
action. If you are reporting a casualty to the bridge or
main control, be sure you use the correct terminology
and ensure they understand what your casualty is.

The primary sources of instructions used to handle
any engineering casualty and to maintain the overall
damage resistance to your ship are listed as follows:

® The EOCC procedure

® The ship’'s casualty control manual (for a ship
without EOCC)

® The ship’s damage control manual
® The ship's damage control bills

® The ship’s organization and regulation manual
(SORM)

SYMPTOMS OF OPERATIONAL
CASUALTIES

You must be on the aert for even the most minor
sign of faulty operation of machinery. Pay particular and
continuous attention to the following symptoms of
mal functioning:

— Unusual noises

— Vibrations

— Abnormal temperatures

— Abnormal pressures

— Abnormal operating speeds

— Leakage from systems or associated equipment

You should become thoroughly familiar with the
normal operating temperatures, pressures, and speeds of
equipment specified for each condition of operation;
departures from normal will then be readily apparent.
NEVER assume that an abnormal reading on a gauge or
other indicating instrument is due to a problem with the
instrument. Investigate each case to learn the cause of
the abnormal reading. Substitute a spare instrument or
perform a calibration test to quickly show whether an
instrument error exists. Trace abnormal readings that are
not caused by faulty instruments to their source. Some
specific advance warnings of failure are outlined in the
following paragraphs.

The safety factor commonly incorporated in pumps
and similar equipment can allow a considerable loss of

capacity before you see any external evidence of
trouble. In pressure-governor-controlled equipment,
view changes in operating speeds from normal for the
existing load with suspicion. Variations from normal in
chest pressures, lubricating oil temperatures, and system
pressures indicate either improper operation or poor
condition of the machinery. When a material failure
occurs in any unit, promptly inspect al similar unitsto
determine whether they are subject to the same type of
failure. Prompt inspection may eliminate a wave of
similar casualties.

Abnormal wear, fatigue, erosion, or corrosion of a
part may indicate that the equipment is not being
operated within its designed limits of loading, speed,
and lubrication. It also may indicate a design or material
deficiency. If any of these symptoms have appeared, you
should routinely carry out special inspections to detect
damage unless you can take action to ensure that such a
condition will not recur.

ENGINE-ROOM CASUALTIES

Even with the best-trained personnel and the
best-planned maintenance programs, casualties will
occur. WHEN COMBATING AN ENGINE-ROOM
CASUALTY, USE YOUR EOCC.

DIESEL ENGINE CASUALTIES

The Engineman’s duties concerning engineering
casualties and their control depend upon the type of
ship—which may be anything from a torpedo weapons
retriever (TWR) to a carrier. An Engineman operates
engines of various sizes, made by various
manufacturers, and intended for different types of
services.

Some examples of the types of engineering
casualties that may occur and the action to be taken are
given in the sections that follow. The observance of all
necessary safety precautions is essential in all casualty
control procedures.

1. Inoperative speed governor
a. Control the engine manually, if possible.

b. Notify the engineer officer and the bridge,
and request permission to secure the engine for repairs.

c. When you get permission, check the
governor control mechanism.

d. Check the linkage for binding or sticking.
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e. Check the lubrication; flush the governor
sump and refill it with proper oil.

f. Check the setting of the needle valve.

g. Make repairs. When you have completed the
repairs, start the engine and check its operation. When
it is operating properly, notify the engineer officer and
the bridge.

2. Engine cooling water temperature above the
alowed limit

a. Notify the bridge.
b. Reduce the load and the speed of the engine.

c. Check the freshwater level in the expansion
tank

d. Check the saltwater discharge pressure.

e. Check the sea suction and the discharge
valves.

f. Vent the freshwater and the saltwater pumps.

g. Check the setting and operation of the
temperature regulating valve,

3. Failed main engine lube oil pressure
a. Secure the engine immediately.
b. Notify the engineer officer and the bridge.

c. Check the sump oil level, the piping, the
filters, the strainers, and the lube oil pump capacity.
Make the repairs.

d. After you have completed the repairs, notify
the engineer officer and the bridge.

For more generalized examples of main engine
(diesel-drive) casualties, refer to “ Damage Control -
Engineering Casualty Control,” Chapter 079, Volume
3, of NSTM.

To obtain detailed information on diesel engine
casualty control procedures, refer to the manufacturer’s
instructions, the pertinent type commander’s
instructions, and the ship’s Engineering Casualty
Control Manual.

WATCH STANDING

You will spend much of your time aboard ship as a
watch stander. How you stand your watch is very
important to the reliability of the engineering plant and
the entire ship. To be a successful watch stander, you
must do the following;

¢ Have the skills to detect unusual noises,
vibrations, or odors that may indicate faulty machinery
operation.

o Take appropriate and prompt corrective
measures.

® Be ready, in emergencies, to act quickly and
independently.

e Know the ship’s piping systems and HOW,
WHERE, and WHY they are controlled.

® Know each piece of machinery: how it is
constucted, how it operates, how it fits into the
engineering plant, and where related equipment is
controlled.

® Be able to read and interpret measuring
instruments.

¢ Understand how and why protective devices
function (relief valves, speed limiting governors,
overspeed trips, and cut-in and cutout devices).

® Recognize and remove fire hazards, stow gear
that is adrift, and keep deck plates clean and dry.

® NEVER try to operate a piece of equipment that
is defective.

® Report all unsafe conditions to the space or plant
Supervisor.

® Know the status of every piece of machinery at
your station.

¢ Promptly handle any necessary change in speed
or setup, and record correctly all data concerning the
operation and maintenance of the machinery.

® Be sure the log is up-to-date and the status boards
are current.

¢ Know what machinery is operating and what the
night orders and standing orders are before you relieve
the watch.

Above all, if you don’t know-ASK! A noise, odor,
or condition may seem abnormal to you, but you may
not be certain whether it is a problem. When that
happens, call your immediate watch supervisor.

Y ou can best gain the respect and confidence of your
supervisors and shipmates if you stand a good watch.
Relieve the watch on time or even alittle early if possible
to be sure you know the condition of the machinery and
what you need to do. DON'T TRY TO RELIEVE THE
WATCH FIRST AND FIGURE OUT THE
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SITUATION LATER. The same applies when you are
being relieved; don't be in a big hurry to take off. Be
sure your relief understands the situation completely.
Before you are relieved, make sure your station is clean
and sguared away. These little considerations will get
you a good reputation and improve the overall quality
of watch standing within the department.

OTHER SOURCES OF INFORMATION

One of the most useful things you can learn about a
subject is how to find out more about it. No single
publication can give you all the information you need to
perform the duties of your rating. Learn where to ook
for accurate, authoritative, up-to-date information on all
subjects (military and occupational) related to your
rating.

NAVSEA PUBLICATIONS

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

ENGINEERING HANDBOOKS

For certain types of information, you may need to
consult various kinds of engineering handbooks, such
as the mechanical engineering handbooks, marine
engineering handbooks, piping handbooks, and other
handbooks that provide detailed, specialized technical
data.

NAVAL SAFETY CENTER BULLETINS

The bulletins such as Safetyline, Flush, and Ship's
Safety Bulletin are published by the Naval Safety
Center. The bulletins contain information about
equipment and personnel safety that helps reduce
personnel and material losses due to mishaps. You are
encouraged to review these bulletins and pass them to
your subordinates.

SHOP EQUIPMENT

In your work center or shop, there is equipment that
will help you do your job easier and more quickly. This
equipment, the sandblaster, hydraulic press, eectric drill
press, eectric bench grinder, hydropneumatic test stand
and other eectric, hydro, pneumatic, and manually

driven types, requires special knowledge of safe
operation and proper maintenance.

You, as an EN2, will be involved in providing
training on how to use this equipment. All shop
personnel, including you, must complete the PQS for
each piece of equipment before using it. In most cases,
you will assist your supervisor in providing the
information and training, although in some cases you
may be given total responsibility for the training.

Normally in the shop or work center, every piece of
equipment must have a posted operating procedure and
alist of personnel who are qualified to use it. If a piece
of equipment does not have posted operating
procedures, post a copy of the procedures given in the
manufacturer’s manual .

QUALITY ASSURANCE PROGRAM

The quality assurance (QA) program was
established to provide personnel with information and
guidance necessary to administer a uniform policy of
maintenance and repair of ships and submarines. The
QA program is intended to introduce discipline into the
repair of equipment, safety of personnel, and
configuration control, thereby enhancing readiness.

The various QA manuals set forth minimum QA
requirements for both the surface fleet and the
submarine force. If more stringent requirements are
imposed by higher authority, such requirements take
precedence. If a conflict exists between the QA manual
and previously issued letters and transmittals by the
appropriate force commanders, the QA manual takes
precedence. All such conflicts should be reported to the
appropriate officials.

The instructions contained in the QA manual apply
to every ship and activity of the force. Although the
requirements are primarily applicable to the repair and
maintenance done by the force IMAS, they also apply to
maintenance done aboard ship by ship’s force. In all
cases where specifications cannot be met, a
departure-from-specifications request must be
completed and reported.

Because of the wide range of ship types and
equipment and the varied resources available for
maintenance and repair, the instructions set forth in the
QA manua are necessarily general in nature. Each
activity must implement its own QA program to meet
the intent of the QA manual. The goal should be to have
all repairs conform to QA specifications.
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PROGRAM COMPONENTS

The basic thrust of the QA program is to make sure
you comply with technical specifications during all
work on ships of both the surface fleet and submarine
force. The key elements of the program are as follows:

— Administrative. This includes training and
qgualifying personnel, monitoring and auditing
programs, and completing the QA forms and records.

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

A properly functioning QA program points out
problem areas to maintenance managers so they can take
appropriate action 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 éiminate 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 originated by the maintenance
activity.

6. To distribute required technical information
more effectively.

7. To establish redlistic material and equipment
requirements in support of the maintenance effort.

THE QUALITY ASSURANCE
ORGANIZATION

The QA program for naval forces is organized into
different levels of responsibility. For example, the
COMNAVSURFPAC QA program is organized into the
following levels of responsibility: type commander,
readiness support group/area maintenance coordinator,
and the IMAs. The QA program for the submarine force
is organized into four levels of responsibility: type
commander, group and squadron commanders, IMA
commanding officers, and ship commanding
officer/officers in charge. The QA program for the Naval
Surface Force for the Atlantic Fleet is organized into five
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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
administer 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 within the ship to carry out
the provisions of the TY COMs QA manual.

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

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

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

The ship quality control inspectors (SQCIs),
usually the work center supervisor and two others from
the work center, must have a thorough understanding of
the QA program. Some of the other responsihilities an
SQCI will have are as follows:

1. Inspect all work for compliance with
specifications.

2. Maintain ship records to support the QA
program.

3. Ensure that only calibrated equipment is used in
acceptance testing and inspection of work

4. Witness and document all tests.

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



LEVELS OF ESSENTIALITY

A number of early failures in certain submarine and
surface ship systems were traced to use of the wrong
materials. This led to a system of prevention that
involved levels of essentiality. A level of essentiality is
arange of controls, in two broad categories, representing
a certain high degree of confidence that procurement
specifications have been met. These categories are

o verification of material, and

e confirmation of satisfactory completion of test
and inspections required by the ordering data.

Levels of essentiality are codes, assigned by the ship
according to the QA manual, that indicate the degree to
which the ship’s system, subsystem, or components are
necessary in the performance of the ship’s mission.
These codes indicate the impact that catastrophic failure
of the associated part or equipment would have on the
ship’s mission capability and personnel safety.

LEVELS OF ASSURANCE

QUALITY ASSURANCE IS DIVIDED INTO
THREE LEVELS: A, B, or C. Each levd reflects certain
quality verification requirements of individual
fabrication in process or repair items. Here, verification
refersto the total level of quality controls, tests, and/or
inspections. Level A assurance provides for the most
stringent of restrictive verification techniques. This
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normally will require both quality controls and test or
inspection methods. Level B assurance provides for
adequate verification techniques. This 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 of tests
or inspections.

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

By carefully following the methods and procedures
outlined in your QA program manuals and by paying
careful attention to the quality of work in your area, you
will contribute greatly to the operational effectiveness
of your ship as well as tended units. For further in-depth
knowledge concerning the QA procedures and
practices, consult your area COMNAVSURF LANT/
PACINST QA manual.

SUMMARY

In this chapter, we have discussed some of your
important administrative and training responsibilities
and the different methods you can use to properly
perform these responsibilities. Remember, information
is usually available when you need it. You just have to
know where to look for it and make the effort to secure
it.



CHAPTER 2

MEASURING AND REPAIR INSTRUMENTS

Y ou, as an Engineman, must he able to identify the
basic measuring and repair instruments and the basic
components of these instruments. This chapter will help
you to recognize the how and when to use and maintain
basic measuring and repair instruments and engine test
equipment.

Measuring instruments are used to check tolerances
and specifications during inspections and repairs of
internal combustion engines and auxiliary equipment.
You, as an Engineman, need measuring instruments to
determine what parts are worn and need to be repaired
or replaced. The following measuring and repair
instruments are discussed in this chapter: dia indicator,
dial/vernier caliper, micrometer, snap gauge, bore
gauge, strain gauge, borescope, stroboscope, torque
wrench, multiplier, adapter, ridge reamer, cylinder hone,
and dynamometer.

SENSITIVE MEASURING TOOLS

Sensitive measuring tools are measuring devices
that provide measurement readings to a thousandth of
an inch or less. The more common sensitive measuring
tools you will use are the dia indicator, dia/vernier
caliper, micrometer, snap gauge, bore gauge, and strain
gauge.

DIAL INDICATOR

A dial indicator is used to measure shaft runout,
shaft thrust, gear backlash, flywheel face runout,
flywheel housing concentricity, and valve seat
concentricity. Y ou can mount a dial indicator on atest
stand or, with clamps and a magnetic base, directly on
the equipment to be measured. [Figure 2-1] shows a
typical dia indicator with mounting accessories,

Most dia indicators have components such as a
bezel, indicator pointer, tool post and clamp, magnetic
toolholder, and sensor button that are used in taking
measurements.

The following procedures explain how to use the
indicator to take shaft runout and crankshaft end play
measurements. Procedures for taking other
measurements are similar.
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Figure 2-1—Typical dial indicator with mounting accessories.

Shaft Runout

When you need to measure a shaft’s runout, select
a suitable position on the shaft, free of keyways,
corrosion, or other damage. Clean the surface and
remove any burrs around scratches or dents. To take the
runout measurement, use the following procedure:

1. Place the shaft in well-oiled V-blocks. If the
shaft is a crankshaft, place the bearing journals in the
V-blocks.

2. Attach the magnetic base to a machined surface.
Mount the dial indicator on atool mounting holder and
attach the holder to the base.

3. Adjust the mounting post so you can easily read
the face of the dial.



4, Move the indicator toward the shaft until the
sensor button just touches the surface you wish to
measure.

5. Continue moving the indicator slowly toward
the shaft until the dial pointer has moved to the midpoint
of itstravel on the dial face.

6. Leave the pointer at midtravel and turn the bezel
until the zero on the dial is aligned with the pointer.

7. You can now rotate and watch the pointer to see
if it moves. The total amount the pointer moves is called
the total indicator reading (TIR). If the shaft is straight,
the pointer should remain at zero.

Crankshaft End Play or Thrust Readings

To measure crankshaft end play or thrust, use the
following procedure;

1. Attach the dia indicator to a convenient place
near the vibration damper.

2. Position the dia indicator gauge so the contact
point touches the front of the vibration damper and
moves the dial indicator near the midpoint of its range.

3. Insert one end of a pry bar between a main
bearing cap and a crankshaft counterweight.

NOTE: DO NOT INSERT THE PRYBAR
BETWEEN THE VIBRATION DAMPER AND THE
BLOCK TO MEASURE THE CRANKSHAFT END
PLAY. You may dent the damper and render it
ineffective.

4. Move the crankshaft toward the dial indicator.
Be sure to maintain a constant pressure on the prybar.

5. Set the dial indicator to zero.

6. Remove the prybar and then reinsert it on the
other side of the main bearing cap.

7. Carefully pry the crankshaft in the opposite
direction to measure the crankshaft end play. Repeat
your measurement a minimum of two times for
accuracy.

DIAL/VERNIER CALIPER

The dial/vernier caliper is used to measure the inside

or outside diameter of an object.[Figure 2-2] shows a
typical dial/vernier caliper.

Most dial/vernier calipers have a slide, slide
lockscrew, thumb button, scale, dial with measured
increments of 0.001 inch, and a bezel.
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Figure 2-2—Typical dial/vernier caliper.



For specific instructions on how to take
measurements with adia/vernier caliper, refer to either
the manufacturer’s instructions or to Tools and Their
Uses, NAVEDTRA 10085-B2.

Regardless of what type of caliper you use, be sure
to take the following precautions to avoid damaging the
cdiper:

1. Wash your hands before you handle the vernier
caliper to remove dirt and oils that might damage the
cdiper.

2. Wipe the caliper components clean both before
and after you use the caliper.

3. Do NOT drop or otherwise mishandle the
caliper. Doing so may damage or destroy the caliper.

[Figure 2-3 illustrates the use of a dial/vernier caliper
in measuring the inside and outside diameters of two
different components.

B.

MEASURING THE OQUTSIDE

Figure 2-3—Measuring (A) inside and (B) outside diameters
with a dial/vernier caliper.

MICROMETER

The micrometer is a precision measuring instrument
used to measure distances between surfaces in
thousandths of an inch shows the most

common types of micrometers.

Most micrometers have a frame, anvil, spindle,
sleeve, thimble, and ratchet stop.

Micrometers are used to measure the outside
diameters; inside diameters; the distance between
parallel surfaces; the depth of holes, dots, counterbores,
and recesses; and the distance from a surface to some
recessed part. There are other uses of micrometers, but
those mentioned here are uses you are most likely to
encounter. Instructions on how to read a micrometer are
given in the manufacturer’s owner’s manual and Tools
and Their Uses, NAVEDTRA 10085-B2.

Whenever you use a micrometer, carefully observe
the “DO’s’ and “DON’TS’ in the following list to obtain
accurate measurements and to protect the instrument:

DEPTH MICROMETER

Figure 2-4—Common types of micrometers.



1. Always stop the work before you take a
measurement. DO NOT measure moving parts because
the micrometer may get caught in the rotating work and
be severely damaged.

2. Always open a micrometer by holding the frame
with one hand and turning the knurled sleeve with the
other hand. Never open a micrometer by twirling the
frame, because such practice will put unnecessary strain
on the instrument and cause excessive wear of the
threads.

3. Apply only moderate force to the knurled
thimble when you take a measurement. Always use the
friction dlip ratchet if there is one on the instrument. Too
much pressure on the knurled sleeve will not only result
in an inaccurate reading, but also will cause the frame
to spring and force the measuring surface out of line.

4. When a micrometer is not in use, place it where
it will not drop. Dropping a micrometer will cause the
micrometer frame to spring. If you drop a micrometer,
check it for accuracy before you take further readings.

5. Before you store a micrometer, back the spindle
away from the anvil, wipe all exterior surfaces with a
clean, soft cloth, and coat the surfaces with alight oil.
Do not reset the measuring surfaces to close contact
because the protecting film of oil on these surfaces will
be squeezed out.

SNAP GAUGE

The snap gauge compares the outside diameters of
parts such as shafts and journals to a standard. It can
compare diameters from zero to 8 inches at an accuracy
of 0.0001 inch. [Eigure 2-5lshows a typical snap gauge.

Most snap gauges consist of a frame with an
insulated handle, a hex wrench mounted in the handle,
dial indicator digits calibrated in 0.00l-inch divisions, a
bezel clamp, adjustment wheels, locking wheels, a
backstop, alower anvil, an upper anvil, and a guard.

Whenever you use a snap gauge, use the handle and
avoid touching the gauge proper because body heat may
affect the reading. For the same reason, handle the
standard plugs only by their plastic end. Clean the anvils
and the backstop with a clean cloth. To use the snap
gauge, follow the manufacturer's operating instructions.

After you record the readings and compare the
readings with the design specifications, clean and store
the snap gauge in its appropriate storage location.
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Figure 2-5—Typical snap gauge.

BORE GAUGES

The dial bore gauge is one of the most accurate tools
for measuring a cylindrical bore or for checking a bore
for out-of-roundness or taper. The gauge does not give
a direct measurement. It identifies the amount of
deviation from a preset size or the amount of deviation
from one part of the bore to another. A master ring gauge,
outside micrometer, or vernier caliper can be used to
preset the gauge.[Figure 2-6]shows a typica bore gauge.
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Figure 2-6—Typical bore gauge.



Most bore gauges consist of a dial indicator,
extension pieces, bezel and locknut, spring-loaded
guide, and sensor button.

Before you start a measuring procedure, expose
both the bore gauge and the master ring gauge, or any
other tools used to preset the bore gauge, and the part to
be measured to the same work place environment for
one hour. If you fail to do this, a temperature differential
may cause your readings to be inaccurate. When you use
the bore gauge, touch only itsinsulated handle.

The gauge has two stationary spring-loaded points
and an adjustable point to permit a variation in range.
These points are evenly spaced to allow accurate
centering of the tool in the bore. A fourth point, the tip
of the dial indicator, is located between the two
stationary points. By simply rocking the tool in the bore,
you can observe the amount of variation on the dial.

[Figure 2-7]shows a bore gauge inside a bore being
moved in a gentle rocking motion. Always follow the
bore gauge manufacturer’s operating manual. Measure
the bore and mark the areas you measure. A good

Figure 2-7.—Measuring a bore with a bore gauge.
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practice is to check the bore gauge in the standard after
you take each set of measurements to ensure that
readings are accurate.

STRAIN/DEFLECTION GAUGE

A strain or deflection gauge is used to check the
crankshaft alignment on large diesel engines. It is a
specially adapted dial indicator that fits between the
crank webs. The strain gauge reads the flexing motion
of the webs directly as the crankshaft is slowly rotated
(correct engine rotation). The gauge dia reads in
0.00I-inch graduations.

The strain gauge consists of a dia indicator, contact
point, balancing attachment, clamping nut, spring
plunger, rods and extension, and bezel.

Before you take a reading, be sure the engine is
completely assembled and cold. Place the strain gauge
between the webs of a crankthrow, as far as possible
from the axis of the crankpin. The ends of the indicator
should rest in the prick-punch marks in the crank webs.
If these marks are not present, consult the
manufacturer’s technical manual for the proper location
of the marks. Ensure that the strain gauge is at the same
temperature as the engine. A temperature differential
may cause inaccurate readings. Readings are generally
taken at the four crank positions; top dead center,
inboard, near or at bottom dead center, and outboard
However, the manufacturer’s technical manual for the
specific engine provides information concerning the
proper positions of the crank for taking readings. In
some situations, due to the position of the dial, you may
need to use a mirror and a flashlight to read the gauge.
Once you have placed the indicator in position for the
first reading, DO NOT touch the gauge until you have
taken and recorded al four readings. Variations in the
readings taken at the four crank positions indicate
distortion of the crank, which may be caused by any of
several factors, such as a bent crankshaft, worn bearings,
or improper engine alignment. The manufacturer’s
technical manual will provide you with the maximum
alowable deflection[ Figure 2-8 shows the locations for
taking crankshaft deflection readings.

BORESCOPE

A borescope is used to inspect internal parts on an
engine without having to disassemble the engine. This
instrument helps a great deal in estimating the amount
of repair work needed and the time required for the

repair.[Eigure 2-9lshows a typical borescope.



Figure 2-8.—L ocations for taking crankshaft deflection
readings.

Most borescopes have the following basic
components:

1

. Scan control ring

Eyepiece (zoom or wide angle)

. Probe tube

Scan mirror

. Quartz-lined lamp
. Focus control ring

N o g~ w N

. Other €electrical accessories

As with any optical instrument, you should handle
the borescope with care to avoid damaging its lenses and
mirrors. The borescope is powered by alternating
current. So, before you first use it, be sure to read and
follow the manufacturer’s operating instructions. The
borescope can be inserted through any engine opening,
such as a cylinder port, to identify problems, such as
cracked pistons, cracks in the cylinder head, burned
valves, and scuffed or pitted liners. You can remove the

crankcase cover to inspect the bottom section of the
engine.

STROBOSCOPE

A stroboscope is a flashing light source used to
measure the speed of fast-moving objects. it produces
the optical effect of stopping or slowing down an object
to allow you to observe and analyze the object’s motion.
shows atypical stroboscope.

A stroboscope consists of a power switch, rpm
control dial, range switch, calibration indicator light,
calibration screws, combination adjustments, reflector
lamp assembly, and other electrical accessories. For
information about the functions of the components,
consult the operator’s manual .

Before you use the stroboscope, be sure to read and
follow the manufacturer’s operating instructions. The
instrument commonly operates from a 120-volt, 60-Hz,
aternating current supply. Any change in current
frequency will affect the flashing speed and affect the
stroboscope’s accuracy for speed measurements. The
stroboscope can be used to measure the speed and to
observe the motion of rotating, reciprocating, or
vibrating mechanisms. Never leave the stroboscope
unattended while it is in use. Since the stroboscope
makes a moving object appear to be standing still,
someone could be seriously injured by the apparently
“stationary” object.

TORQUE WRENCH

The torque wrench is used to measure an object’s
resistance to turning and to provide precise tightening
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Figure 2-9—Typical borescope.
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of threaded fasteners.[Figure 2-1] shows three types of
torque wrenches.

To use atorque wrench, first select the proper torque
value for the torquing procedure you are using. Next,
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Figure 2-10.—A typical stroboscope.
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Figure 2-11.—Typical torque wrenches.

select the torque wrench with the correct capacity. The
torque value should be in the second or third quarter of
the wrench’'s torque scale because the first and last
guarters of the scale are not as accurate as the middle
quarters.

Torgue wrenches are precision tools. Handle them
with care and always follow the manufacturer’ s manual
when you use them.

TORQUE MULTIPLIER

Torgue multipliers are geared devices attached to
the torque wrench to increase the force of torque. The
most preferred ratio of the torque multiplier is4to 1. To
use a torque multiplier, select one with an output
capacity above the required torque. Be sure to follow the
manufacturer’s operating manual to avoid personnel
injury and damage to the equipment.

TORQUE ADAPTERS

Torque adapters allow the torque wrench to be used
to tighten parts and fasteners other than standard nuts
and bolts. Adapters are available in a variety of shapes
geared to the repair of different parts of the diesel
engine. Several types of torque adapters are shown in
figure 2-12

When you use an extension adapter, the torque
applied to the part or fastener will be greater than the
torque indicated on the torque wrench. Therefore, you
must account for the length of the adapter to apply the
proper torque to the part or fastener.[Figure 2-13
illustrates the points of measurement.

The torque applied by the adapter is directly related
to the length of the adapter. As the length of the adapter
increases, so does the applied torque.

To determine the actual torque applied to the part or
fastener, assume that the length of the torque wrench is
L and the length of the adapter is A. Assume also that
Tw is the torque indicated on the scale of the torque
wrench and Ta is the torque exerted at the end of the
adapter.

To determine Ta, simply multiply the torque
indicated on the torque wrench (Tw) by the ratio of the
total effective length of the assembly (L + A) to the
length of the torque wrench (L).

or

(L+A)
x =

: Tw 3
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Figure 2-13.—Torque adapters and points of measurement.

An easy to remember rule of thumb is that the
applied torque will be greater than the indicated torque
by an amount equal to the length of the adapter
compared to the length of the torque wrench. For
example, if the adapter is the same length as the torque
wrench, the applied torque will be twice as great as the
indicated torque. If the adapter is one-third as long as
the torque wrench, the applied torque will be one-third
greater than the indicated torque.

[Figures 2-14and 2-15 illustrate how to calculate
applied torque.
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RIDGE REAMER

A ridge reamer is used to remove ridges formed at
the tops of cylinders produced by piston rings moving
up and down in the cylinders.[Figure 2-16 illustrates a
typical ridge reamer.

The ridge reamer consists of a carbon cutter,
adjustable guides, adjustable cutter head, adjustable
cutter, and threaded feed screw.

Whenever you use a ridge reamer, you must wear
eye protection, such as a face shield or goggles.



Determining Applied torque

Determining Indicated Torque (when desired torque
is known)

Determining Adapter or Extension Length

At times it is necessary to calculate the wrench scale
reading for several torques using the same wrench
and adapter assembly. In such cases, it is convenient

assembly.

A

Ta =
Ta = Torque exerted at the end of the
T = Wrench scale reading

L = Lever length of the wrench

A = Length of the adapter

Tw = Wrench scale reading

Ta = Torque exerted at end of the adapter
L = Lever length of the wrench
A = Length of the adapter

(Ta—Tw)x L

A = Length of the adapter
Ta = Torque exerted at end of the adapter
Tw = Wrench scale reading

L = Lever length of the wrench

to determine a CONVERSION CONSTANT for the €
assembly which will simplify calculations.

C=
This constant is a ratio of the lever length of the [ =
torque wrench to the total effective length of the 4 -

constant:
L CONVER-
T L+A SION
CONSTANT

(L+A)
ot

Tw 3

adapter

TaxL
(L+A)

Tw

The following formula shows the

Conversion constant for wrench and
adapter assembly

Lever length of wrench
Length of adapter

Figure 2-14—Torque calculation for eithcr adapters or extensions.

Remember that the cutter will take out the ridge with a
lathelike cutting action. Read and follow the
manufacturer’s manua on how to use the reamer. After
al the ridges are removed, take a measurement with a
bore gauge, and verify that the cylinder is within
specifications.

CYLINDER HONE

To reuse the cylinder deeve, you must refinish the
glazed surface caused by piston ring travel. Honing will
remove high spots and a slight taper or
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out-of-roundness. Do not hone new or chromium-plated
liners unless specified by the liner manufacturer. [Figure
shows a typical cylinder hone.

Before you use a cylinder hone, read or review the
operator’s manual. When you use a hone, use only an
approved cleaning solvent and ensure that there is
adequate ventilation in the work area. When solvent
fumes are present, do not allow eating, drinking,
smoking, open flames, or lights in the work area.
Dispose of hazardous materials, such as solvent-soaked
rags and used solvents, properly.



Torque wrenches so constructed that the position of
applied load can be varied on the frame or handle of the

wrench WILL NOT work correctly with adapters or
extensions.

The following calculations or formulas apply to either
adapters or extensions having the axis of their work

engaging member intersecting the extended center line
of the torque wrench frame.

EFFECTIVE LENGTH OF ASSEMBLY (L & A)

|
A ' L Y

Tw 90%.]
Ta C—) 4\%} ©

Fupepd gt

"Tw" is the torque indicated on the scale of the torque THE FORCE (F) EXERTED ON THE HANDLE OF
wrench and "Ta" is the torque exerted at the end of the THE WRENCH EQUALS THE TORQUE developed
adapter. by the wrench at "Tw" ... which is the torque indicated

onthe scale . . . divided by the lever length of the wrench
To calculate the TORQUE PRODUCED AT THEEND (L).

OF THE ADAPTER (Ta) it is necessary to multiply the

total effective length of the assembly (L plus A) by the Fe Tw
force (F) exerted on the torque wrench handle. T L
Ta=L+A)xF ADAPTER
FORMULA

Figure 2-15.—How to calculate applied torque.

THREADED FEED
SCREW (B)
RETALINER

SPRING

MICROMETER
FEED

ORIVING

UNIVERSAL
NUT (D)

JOINT
(C) CUTTER

CARRIER
LOCK ING
SCREW

CUTTER
CONTROL (A}

¢ EXPANSION
HEAD
e
(E) SLIDING ﬂ
PLATE CUTTER
THREADED BLOCK (F)
FEED
PLATE CUTTER
81T
TOP
PLATE 3 : EXPANDABLE
1//,/‘ . RACKS
EXPANSION
SPRING DRILL
BAND ADAPTOR
o AW
BOTTOM ;é—f:;"—r P \ “EEEL;S

STONES
{180 GRIT OR 80 GRIT)
(INTERCHANGEABLE)

Figure 2-16—A typical ridge reamer.

Figure 2-17—A typical cylinder hone.
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ENGINE TEST EQUIPMENT

When an engine has been repaired or overhauled, it
may need to be tested for proper operation and power
output. A piece of test equipment used to conduct such
tests is the dynamometer. The following is a basic
explanation of how a dynamometer works. For in-depth
information about this test equipment, refer to the
manufacturer’s manual.

The dynamometer is used to apply specific loads to
an engine. It allows the technician to inspect and check
the engine while it is operating. The dynamometer
absorbs and measures the engine’'s output. The basic
components of a dynamometer are the frame, engine
mounts, absorption unit, heat exchanger, and torque and
measuring device. To properly operate a dynamometer
you must complete a shop qualifications course.
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Dynamometers are found primarily in shore activity
shops. For maintenance, refer to assigned PMS for the
equipment. If your shop has no PMS maintenance for
the dynamometer, follow the maintenance schedule
recommended by the manufacturer.

SUMMARY

In this chapter, you have learned to identify the
necessary measuring and repair instruments and their
basic components and how to use them. Additionally,
you have learned basic information about the
dynamometer, its operation and maintenance. For
additional information about basic measuring and repair
instruments and the dynamometer, refer to each item’'s
manufacturer’s manual, assigned PMS, and your work
center’s shop equipment qualifications program.






CHAPTER 3

INTERNAL COMBUSTION ENGINES

This chapter is designed to help you understand the
maintenance and repair of internal combustion engines.
You as an EN2 should be able to describe the basic
procedures used to test and repair diesel engines. Also,
you should be able to identify the procedures used to
troubleshoot diesel and gasoline engines. This chapter
will cover the general procedures used to repair and
overhaul gasoline engines; the procedures used to
inspect, test, and repair jacking gear; and the procedures
used to troubleshoot and repair fuel and oil purifiers.

To help ensure that an engine will operate
efficiently, you must follow its preventive maintenance
schedule. By following the preventive maintenance
schedule, you will reduce engine casualties and help the
engine achieve its normal number of operating hours
between overhaul periods.

When you must finally perform an engine repair or
overhaul, take the following precautions:

e Plan the work in definite steps, so you can
perform it smoothly.

¢ Have the necessary tools and parts on hand
before you begin arepair or overhaul.

® Have the necessary forms ready to record the
clearances, dimensions, and other vital measurement
readings that must be kept as part of the engine's history.

® Always check precision measuring instruments
before you use them; then recheck your readings. The
first reading may not be correct.

® Keep the work area clean. Do not alow oil to
accumulate on the deck or on the tools. Place the tools
or parts neatly away from the immediate area.

The test, maintenance, and repair procedures
presented in this chapter are general in nature. The
specific procedures vary with different engines. Before
you begin a maintenance or repair procedure, consult
the manufacturer’s technical manual or the equipment’s
preventive maintenance schedules. They are valuable
sources of information on tests, maintenance, and
repairs.

INSPECTING AND TESTING THE
ENGINE FRAME OR BLOCK

Before you begin an inspection or test, make sure
the outside of the engine is cleaned thoroughly. This will
help you spot cracks, leaks, and other problems more
easily than if the engine is dirty. By cleaning the engine,
you will also help prevent dirt and other contaminants
from entering and damaging parts and accessories of the
engine.

Some of the inspections and tests you may perform
are listed in the following sections.

VISUAL INSPECTIONS

Inspect the top surface of the cylinder block, the top
and bottom crankcase flanges, and the oil pan for
warpage. You can use a straightedge, a feeler gauge, and
a good light.[Figure 3-7 illustrates how to use a
straightedge and a fedler gauge to check the top surface
of the cylinder block Compare your measurements to
the manufacturer’s specifications to determine if the
surface is warped.

Visually inspect the cylinder block for cracks,
breaks, or other damage.

MEASUREMENTS

Visually inspect the engine block’s bolts to
determine if they are bent, broken, or worn.

FEELER GAUGE

STRAIGHT EDGE

Figure 3-1.—Checking the top surface of a typical cylinder block.



Measure the bore in the cylinder block, with a dial
indicating bore gauge, to determine if wear or an
out-of-round condition exceeds the manufacturer’s
specification_Eigure 3-2 illustrates the use of a bore
gauge to measure a cylinder bore. You can use an inside
micrometer as well, but a dial indicating bore gauge is
easier to use.

Inspect and measure the engine block’ s hold-down
bolt holes. Use a telescoping snap gauge to determine if
wear has caused enlargement of the holes. If a
telescoping snap gauge is not available, try to move each
bolt from side to side with your fingers. If a bolt moves
from side to side, its hole has enlarged and must be
repaired. Always follow the manufacturer’s instructions
on how to correct a hole enlargement problem.

DYE PENETRANT TEST

Conduct a preliminary dye penetrant test on the
engine block’s surface to identify cracks that you cannot
see otherwise. Be sure to follow the manufacturer’s
instructions on how to conduct this test. Remember that
only a certified nondestructive testing technician can
perform a dye penetrant test that meets the requirements
of quality assurance.

AIR AND WATER PRESSURE TESTS

Test the cylinder block for cracks in the cylinder
bores between the water jacket and the oil passages by
using either air pressure or water pressure. The purpose
of each test is to pressurize the water Jacket to the point,
within safe limits, that 1eaks show.

Figure 3-2—Checking the cylinder bore for wear or
out-of-roundness.
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Air Pressure Test

Before you perform the air pressure test, make sure
you completely strip and clean the block. Then, follow
these basic procedures:

1. Seal al of the block’s freshwater passages with
gaskets and flanges.

2. Connect a low-pressure air hose to a fixture on
one of the flanges.

3. Immerse the block into a tank of water heated to
the engine's normal operating temperature. Allow the
engine to soak for approximately 20 to 40 minutes, as
specified by the manufacturer. This allows the block to
warm to the temperature of the water.

4, Apply approximately 40 psi of pressure to the
block and watch for bubbles. Bubbles indicate a crack
or leak in the block. Determine what repair is needed or
can be made when you identify the source of the
bubbles.

If you cannot dip the block, you may still perform
the air pressure test. Attach the hose to a fixture secured
to an opening to the water jacket. Pressurize the water
jacket. Carefully spray soapy water over the block and
look for air bubbles caused by the pressurized air.

Water Pressure Test

The water pressure test is similar to the air pressure
test, except that defects are indicated by water leaks
rather than by air leaks. Before you perform the water
pressure test, strip and clean the block Then, follow
these procedures:

1. Seal off al but one of the freshwater openings
with flanges and gaskets. Make seals airtight.

2. Fill the water jacket with fresh water until all air
is purged from the water jacket. Seal the fill opening
with a flange that contains an air hose coupling.

3. Attach an air hose and pressurize the water
jacket to approximately 40 psi (see the manufacturer’'s
manual). Maintain the pressure in the water jacket for at
least 2 hours.

4. Inspect the cylinder bores, air box, oil passages,
crankcase, and cylinder block exterior for the presence
of water. The presence of water at any of these locations
indicates that the water jacket has one or more defects.



REPAIRING THE ENGINE FRAME OR
BLOCK

Some engine block repairs are cost efficient, while
others are not. The following paragraphs briefly discuss
basic repairs to the block itself. Later paragraphs discuss
repairs to block components.

LEAKING WATER JACKET

Most engine blocks that have a leaking water jacket
are not worth the cost to repair. To determine if such a
block can be repaired economically, consult the
appropriate MILSTD and technical manuals for the
engine.

WARPED CYLINDER BLOCK OR
CRANKCASE FLANGES

You may use a hand surface grinder to correct small
amounts of surface warpage. Do not remove more metal
than necessary. The manufacturer’s manual will specify
how much metal you may remove with the hand grinder.
If the warpage exceeds the maximum allowed for hand
grinding, send the block to the machine shop for
machine grinding.

WORNBOLT HOLES

Over a period of time, bolt holes may become
oversize due to wear from threading and unthreading the
fasteners. Y ou may correct aworn bolt problem by one
of three primary methods, depending on the situation.

1. If the bolt hole is slightly oversize, you may be
able to simply use a larger bolt in the hole, if such useis
authorized for the component the bolt fastens down.

2. If enough metal remains around the hole, you
may be able to install a helicoil. Check the helicail
installation instructions and appropriate technical
manuals to determine whether or not a helicail is
acceptable.

3. You may also till the hole with weld metal and
then drill and tap anew hole.

Whatever method you use to correct the problem,
always check the bolt and bolt hole for proper fit.

INSPECTING, TESTING, AND
REPAIRING CYLINDER LINERS

Cylinder liners may become damaged or worn
excessively. The following paragraphs discuss the more
common causes and repairs.
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CRACKED, BROKEN, AND DISTORTED
LINERS

You should suspect one or more cylinder liners
whenever you notice one of the following indications:

® Excessive water in the lubricating oil

e An accumulation of water in one or more
cylinders of a secured engine

e An abnormal loss of water in the cooling system

e High cooling water temperature or fluctuating
pressure (caused by combustion gases blowing
into the water jacket)

¢ Qil in the cooling water

When you suspect that a liner is cracked, try to
locate the cracks visually. If you cannot locate the cracks
visually, use another testing method, such as the water
pressure test or air pressure test described earlier. To
check liners with integral cooling passages, plug the
outlets and fill the passages with glycol-type antifreeze.
Thisliquid will leak from even the smallest cracks.

Cracksin dry liners may be more difficult to locate
because there is no liquid to leak through the cracks. Y ou
may need to use magnaflux equipment or penetrating
dye to locate these cracks.

Causes

Cylinder liners may crack because of poor cooling,
improper fit of piston or pistons, incorrect installation,
foreign bodies in the combustion space, or erosion and
corrosion. Improper cooling, which generally results
from restricted cooling passages, may cause hot spots in
the liners, resulting in liner failure due to thermal stress.
Scale formation on the cooling passage surfaces of liners
may also cause hot spots; wet liners are subject to scale
formation. Y ou may remove the scale by following the
procedures outlined in chapter 233 of the Naval Ships
Technical Manual (NSTM).

Proper cooling of dry liners requires clean contact
surfaces between the liners and the cylinder block.
Particles of dirt between these surfaces cause air spaces,
which are poor conductors of heat. Films of oil or grease
on these mating surfaces also resist the flow of heat.

Distortion, wear, or breakage may result if aliner is
not properly seated. Causes of improper liner seating
may be metal chips, nicks, or burrs, or improper fillets,
In [figure 3-31an improper fillet on the cylinder deck
prevents the liner from seating properly. To correct an
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Figure 3-3—Improperly seated cylinder liner.

improper fillet, grind it down until the lower surface of
the flange seats properly on the mating surface of the
cylinder deck.

An oversized sedling ring may cause improper
positioning of the liner. As the sealing ring is
overcompressed, the rubber loses its elasticity and
becomes hard, which may cause the liner to become
distorted.

Use feeler gauges to check the clearance between
the mating surfaces. If the manufacturer’s technical
manual specifies the distance from the cylinder deck to
the upper surface of the liner flange, use this dimension
to check on the seating of the liner.

Obstructions in the combustion chamber may be
destructive not only to the liner but also to the cylinder
head and other parts.

Erosion and corrosion may take place in a few
isolated spots and weaken a liner sufficiently to cause
cracks.

Repairs

Replacement is the only satisfactory means of
correcting cracked, broken, or badly distorted cylinder
liners.

SCORED CYLINDER LINERS

Scored cylinder liners may become scored
(scratched) by several means. These scratches degrade
the engine’'s performance and require some type of
repair.

Scored cylinder liners may be caused by broken
piston rings, a defective piston, improper cooling,
improper lubrication, or the presence of foreign particles
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or objects. Dust particles drawn into an engine cylinder
will mix with the oil and become an effective but
undesirable lapping compound that may cause extensive
damage. The importance of keeping the intake air clean
cannot be overemphasi zed.

Another precaution you should take is to make sure
that when you replace a cylinder head, you leave no
metal chips, nuts, bolts, screws, or tools in the cylinder.

Causes

Scoring may be in the form of deep or shallow
scratches in the liner surface. With most liner scoring,
there will be corresponding scratches on the piston and
piston rings. The symptoms of scoring may be low firing
or compression pressure and rapid wear of piston rings.
The best method for detecting scoring is visual
inspection through liner ports, through the crankcase
housing with pistons in their top position, or when the
engine is disassembled.

Badly worn pistons and rings may cause scoring
because blowby of combustion gases increases the
temperature of the liner and may reduce the ail film until
metal-to-metal contact takes place. Inspect the pistons
and rings carefully. A piston with a rough surface (such
as one that has seized) will score theliner.

Scoring as a result of insufficient lubrication or dirt
in the lubricating oil can be prevented if lubricating
equipment (filters, strainers, and centrifuges) is
maintained properly. Lube oil must be purified
according to required procedures.

Repairs

Ship's force personnel normally do not repair scored
liners; they replace them with spare liners. When
necessary, liners with minor scoring may be kept in
service, if the cause of scoring is eliminated and the
minor defects can be corrected. The surface of the liner
must be inspected carefully, especialy in the region next
to the ports, for any burrs, projections, or sharp edges
that will interfere with piston and ring travel. Most
projections can be removed by handstoning, using a fine
stone[Figure 3-4 shows a liner before and after the ports
were stoned.

EXCESSIVELY WORN LINERS

Over a period of time, cylinder liners become worn
simply because of engine operation. The best method of
finding excessive wear is to take measurements of the
cylinder liner with an inside micrometer caliper. Two
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types of liner wear check are illustrated in[figure 3-5
Excessive maximum diameter results from general wear
equally around the cylinder. Out-of-roundness is
produced by the piston thrusting against one or two sides
of the cylinders.

Clearance between a piston and aliner is generally
checked by measuring both parts with a micrometer. On
smaller engines, you can use a feeler gauge. Clearance
in excess of that specified by the manufacturer is
generally due to liner wear, which normally is greater
than piston wear.

To determine liner wear, take measurements at three
levels in the liner. Take the first measurement slightly
below the highest point to which the top ring travels;
take the next measurement slightly above the lowest
point of compression ring travel; and take the third
measurement at a point about midway between the first
two. (Record all readings, so that rapid wear of any
particular cylinder liner will be evident.) If wear or
out-of-roundness exists beyond specified limits, replace
the liner. [Figure 3-6 |shows two examples of taking

A -B=0UT OF ROUNDNESS
A =MAXIMUM DIAMETER

Figure 3-5.-Measurements for determining liner wear.
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Figure 3-6.-Measuring the inside of a cylinder liner.

inside measurements. The liner shown in
view B, requires at least twice as many measurements
as other types of liners because it is from an opposed
piston.

You will not get accurate measurements unless you
position the caliper or gauge properly in the liner.
Common errors in positioning are illustrated in views A
and B of[figure 3-7] Hold one end of the caliper firmly
against the liner wall as shown in view A of ffigure 3-6
Then move the free end back and forth, and up and
down, until you establish the true diameter of the liner.
The moving end will trace a patch similar to that

illustrated in Figure 3-8

Considerable experience in using an inside
micrometer or cylinder gauge is necessary to ensure
accuracy. As a precaution against error, it is a good
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Figure 3-8.—Trace of caliper end when determining the true
diameter of aliner.

practice for two persons to take the liner measurement;
then any discrepancy between the two sets of readings
can be rechecked.

Causes

Excessive or abnormal wear of cylinder liners may
be caused by insufficient lubrication, dirt, improper
starting procedures, or low cooling water temperature.

The lubricating system must be carefully
maintained in proper working order. The method of
cylinder liner lubrication varies with different engines.
The proper grade of oil, according to engine
specifications, should be used

The engine must not be operated in a dirty condition.
The air box, crankcase, and manifold should be cleaned
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and maintained in a clean condition, to avoid cylinder
wear and scoring. (Attention to the air cleaner, oil filters,
and oil centrifuge are the best precautions against the
entrance of dirt into the engine.)

Improper starting procedures will cause excessive
wear on the liners and pistons. When an engine is first
started, some time may elapse before the flow of
lubricating oil is completed; also, the parts are cold and
condensation of corrosive vapors is accelerated
accordingly. These two factors (lack of lubrication and
condensation of corrosive vapors) make the period
immediately after starting a critical time for cylinder
liners. If an independently driven oil pump isinstalled,
it must be used to prime the lube oil system and build
up oil pressure before the engine is started The engine
should not be subjected to high load during the warm-up
period. Follow the manufacturer’s instruction manual
concerning warm-up time and load application for the
engine concerned

The cooling water of an engine should always be
maintained within the specified temperature ranges. |If
the temperature is allowed to drop too low, corrosive
vapors will condense on the liner walls.

Repairs

Cylinder liners worn beyond the maximum
allowable limit should be replaced. You will find the
maximum allowable wear limits for engines in the
appropriate manufacturer’'s technical manual or the
Diesel Engine Wear Limit Chart available from the
Naval Sea Systems Command. In the absence of such
specific information, the following wear limits
(established by NAV SEA) apply in general to

1. two-stroke cycle engines with aluminum
pistons: 0.0025 inch per inch diameter,

2. slow-speed engines over [8-inch bore: 0.005
inch per inch diameter, and

3. al other engines: 0.003 inch per inch diameter.

If you must remove a liner, follow the instructions
given on the appropriate maintenance requirement card
(MRC) or in the manufacturer’s technical manual for the

particular type of engine.[Figure 3-9 illustrates the
method generally used to remove a cylinder liner.

To remove the cylinder liner, proceed as follows:
1. Drain the water from the engine.
2. Remove the cylinder head.

3. Remove the piston(s).
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Figure 3-9.—Removing a cylinder liner.

4, Attach the special liner puller to the liner studs
and tighten the nuts by hand. (The nuts must be hand
tightened; if a wrench is used, the threads on both the
nuts and the studs may be damaged.)

5. Attach the hook of the chain fall and pull slightly
until the liner breaks free [fig.3-9). If the liner fails to
break |oose immediately, apply pressure at the bottom
of the liner. To do this, place a block of wood on the
crankshaft throw, and force it up against the liner by
rotating the turning gear.

6. Lift the liner up until it clears the top of the
engine block and remove it to a safe place. Y ou may need
to rotate the liner dlightly while removing it from the
engine block.

INSPECTING, TESTING, AND
REPAIRING CYLINDER HEADS

Conditions requiring repair of a cylinder head are
similar to those for cylinder liners and can be grouped
under cracks, corrosion, distortion, and fouling.
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CRACKS

The symptoms of a cracked cylinder head are the
same as those of a cracked liner. Cracks in cylinder
heads are best located by either visual inspection or
magnetic powder inspection. On some types of engines,
a defective cylinder can be located by bringing the
piston of each cylinder, in turn, to top dead center and
applying compressed air. When air is applied to a
damaged cylinder, a bubbling sound indicates leakage.

When the cylinder head is removed from the engine,
it can be checked for cracks by the hydrostatic test used
on cylinder liners equipped with integral cooling
passages.

Cracks generally occur in cylinder heads on the
narrow metal sections between such parts as valves and
injectors. The cracks may be caused by adding cold
water to a hot engine, by restricted cooling passages, by
obstructions in the combustion space, or by improper
tightening of studs.

Aboard ship, cracked cylinder heads usually must
be replaced. It is possible to repair them by welding, but
this process requires special equipment and highly
skilled personnel normally found only at repair
activities.

CORROSION

Burning and corrosion of the mating surfaces of a
cylinder head may be caused by a defective gasket.
Although regular planned maintenance ordinarily
prevents this type of trouble, burning and corrosion may
still take place under certain conditions. When corrosion
and burning occur, there may be aloss of power due to
combustion gas leakage out of or water leakage into the
combustion space. Other symptoms of leakage may be
() hissing or sizzling in the head where gases or water
may be leaking between the cylinder head and the block,
(2) bubbles in the cooling water expansion tank sight
glass, or (3) overflow of the expansion tank.

Gaskets and grommets that seal combustion spaces
and water passages must be in good condition; otherwise
the fluids will leak and cause corrosion or burning of the
area contacted. Improper cooling water treatment may
also accelerate the rate of corrosion.

In general, cylinder heads that are burned or
corroded by gas or water |eakage are so damaged that
they must be replaced.



DISTORTION

Warpage or distortion of cylinder heads becomes
apparent when the mating surfaces of the head and block
fail to match properly. If distortion is severe, the head
will not lit over the studs. Distortion may be caused by
improper welding of cracks or by improper tightening
of the cylinder head studs. Occasionally, new heads may
be warped because of improper casting or machining
Processes.

Repair of distorted or damaged cylinder heads is
often impracticable. They should be replaced as soon as
possible and turned in to the nearest supply activity,
which will determine the extent of damage and the
method of repair.

FOULING

If the combustion chambers become fouled, the
efficiency of combustion will decrease. Combustion
chambers are designed to create the desired turbulence
for mixing the fuel and air; any accumulation of carbon
deposits in the space will impair both turbulence and
combustion by altering the shape and decreasing the
volume of the combustion chamber.

Symptoms of fouling in the combustion chambers
are smoky exhaust, loss of power, or high compression.
Such symptoms may indicate the existence of extensive
carbon formation or clogged passages. In some engines,
these symptoms indicate that the shutoff valves for the
auxiliary combustion chambers are stuck

Combustion chambers may also become fouled
because of faulty injection equipment, improper
assembly procedures, or excessive oil pumping.

Cleaning of fouled combustion spaces generally
involves removing the carbon accumulation. The best
method is to soak the dirty parts in an approved solvent
and then wipe off all traces of carbon. You may use a
scraper to remove carbon, but be careful to avoid
damaging the surfaces. If oil pumping is the cause of
carbon formation, check the wear of the rings, bearings,
pistons, and liners. Replace or recondition excessively
worn parts. Carbon formation resulting from improperly
assembled parts can be avoided by following procedures
described in the manufacturer’s technical manual.
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INSPECTING, TESTING, AND REPAIRING
VALVES AND VALVE ASSEMBLIES

Regardless of differences existing in engine
construction, there are certain troubles common to all
assemblies.

STICKING VALVES

Sticking valves will produce unusual noise at the
cam followers, pushrods, and rocker arms and may
cause the engine to misfire. Sticking is usually caused
by resinous deposits |eft by improper lube oil or fuel.

To free sticking valves without having to
disassemble the engine, use one of several approved
commercial solvents. If the engine is disassembled, use
either a commercial solvent or a mixture of half lube oil
and half kerosene to remove the resins. Do NOT use the
kerosene mixture on an assembled engine, since a small
amount of this mixture settling in a cylinder could cause
a serious explosion.

BENT VALVES

Bent or dightly warped valves tend to hang open. A
valve that hangs open not only prevents the cylinder
from firing, but also is likely to be struck by the piston
and bent so that it cannot seat properly. Symptoms of
warped or slightly bent valves will usually show up as
damage to the surface of the valve head. To lessen the
possibility that cylinder head valves will be bent or
damaged during overhaul, NEVER place a cylinder
head directly on a steel deck or grating; use a protective
material such as wood or cardboard. Also, NEVER pry
avalve open with a screwdriver or similar tool.

WEAK SPRINGS

Valves may close slowly, or fail to close completely,
because of weak springs. At high speeds, valves may
“float,” thus reducing engine efficiency. Valve springs
wear quickly when exposed to excessive temperatures
and to corrosion from moisture combining with sulfur
present in the fuel.

BURNED VALVES

Burned valves are indicated by irregular exhaust gas
temperatures and sometimes by excessive noise. In
general, the principal causes of burned valves are carbon
deposits, insufficient tappet clearance, defective valve
seats, and valve heads that have been excessively
reground.



The principal cause of burned exhaust valves is
small particles of carbon that lodge between the valve
head and the valve seat. These particles come from
incomplete combustion of the fuel or oil left by the
piston rings in the cylinder. The particles hold the valve
open just enough to prevent the valve head from
touching the valve seat. The valve is cooled by several
means, including its contact with the valve seat. When
carbon particles prevent contact, the heat normally
transferred from the valve head to the seat remains in
the valve head. The valve seat seldom burns because the
water jackets surrounding the seat usually provide
enough cooling to keep its temperature below a
dangerous point.

When cleaning carbon from cylinder heads, remove
al loose particles from the crevices, be extremely
careful that you do not nick or scratch the valve or seat.
Removing the valves from the engine will make it easier
to clean the passages and remove the carbon deposits
from the underside of the valve heads.

Check the tappet clearance adjustments at frequent
intervals to be certain they are correct and that the
locking devices are secure. The adjustment of valve
clearancesis discussed later in this chapter.

Most engines are equipped with valve seat inserts
made of hard, heat-resisting, aloy steel. Occasionaly, a
seat will crack and allow the hot gases to leak, burning
both the insert and the valve. Sometimes a poor contact
between the valve seat insert and the counterbore
prevents the heat from being conducted away, and the
high temperatures deform the insert. When this occurs,
both the seat and the valve will burn; the seat insert must
be replaced.

LOOSE VALVE SEATS

You can avoid causing loose valve seats only by
installing them properly. Clean the counterbore
thoroughly to remove all carbon before shrinking in an
insert. Chill the valve seat with dry ice and place the
cylinder head in boiling water for approximately 30
minutes; then drive the insert into the counterbore with
avalveinsert installing tool, as illustrated in Figure 3-10]
Never strike a valve seat directly. Do the driving
operation quickly, before the insert reaches the
temperature of the cylinder head

When replacing a damaged valve with a new one,
inspect the valve guides for excessive wear. If the valve
moves from side to side as it seats, replace the guides.
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Figure 3-10-Driving a valve iusert into the cylinder head
counterbore.

PITTING

If the valve seat is secured firmly in the counterbore
and is free of cracks and burns, you may remove slight
damage such as pitting by hand grinding (fig._3-1T).
Generdly, you will use prussian blue to check the valve
and valve seat, but if thisis not available, use any thin
dark oil-based paint. Allow the valve to seat by dropping
it on the valve seat from a short distance. If the surfaces
fail to make complete contact, regrinding is necessary.

SPEEDER |
WRENCH |

VALVE
GRINDING
‘ ADAPTER

75.72
Figure 3-11.-Hand grinding a valve and valve seat.



In any valve reconditioning job, the valve seat must be
concentric with the valve guide. Y ou can determine the
concentricity with a dial indicator, as shown in[figure

If you must grind a valve seat, hold hand grinding
to a minimum and never use it in place of machine
grinding, in which a grinding stone is used to refinish
the seat (fig. 3-13). Grind the seat a few seconds at a
time until it is free of pits. Check the seat after each cut.

The primary objection to hand grinding the valve to
the seat is that a groove or indentation may be formed
in the valve face. Since the grinding is done when the
valveis cold, the position of the groove with respect to
the seat is displaced as the valve expands slightly when
the engine is running. This condition is illustrated
(greatly exaggerated) in[figure 3-14. Note that when the
valve is hot, its ground surface does not make contact at
all with the ground surface of the seat. Therefore, hand
grinding should be used only to remove slight pitting or
as the final and finishing operation in a valve
reconditioning job.

Some valves and seat are not pitted sufficiently to
require replacement but are pitted to such an extent that
hand grinding would be unsatisfactory. Such valves may
be refaced on a lathe (fig. 3-15), and the valve seats may
be reseated by power grinding equipment [fig. 3-13).

75.713
Figure 3-12.—Determining concentricity of the valve seat with a

dial indicator.
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Figure 3-13—Machine grinding a valve seat.

Normally, these operations are done at a repair base or
naval shipyard.

A valve head that is excessively reground to such an
extent that its edge is sharp, or almost sharp, will soon
burn. A sharp edge cannot conduct the heat away fast
enough to prevent burning. This is the factor that limits
the extent to which a valve may be refaced.

BROKEN VALVE SPRINGS

Broken valve springs cause excessive valve noise
and may cause erratic exhaust gas temperatures. The
actual breaking of the valve springs is not always the
most serious consequence. Actions following the
breaking cause the most serious damage to the engine.
When a spring breaks, it may collapse just enough to
allow the valve to drop into the cylinder, where it may
be struck by the piston. In addition, the valve stem locks
or keepers may release the valve and allow it to drop
into the cylinder, causing severe damage to the piston,
cylinder head, and other nearby parts.

You can take a number of precautions to prevent or
minimize corrosion and metal fatigue, which cause
valve springs to break Be reasonably careful when you
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Figure 3-14—Excessively band-ground valve.

assemble and disassemble a valve assembly. Before you
reassemble a valve assembly, be sure to thoroughly
clean and inspect the valve spring. (Use kerosene or
diesel fuel for cleaning. NEVER use an akaline
solution; it will remove the protective coating.) The
condition of the surface of a valve spring is the best
indication of impending failure. (Use magnafluxing to
help find cracks that would otherwise be invisible.)

The free length of a valve spring should be within
the limits specified in the manufacturer's technical
manual. If such information is not available, compare
the length of a new spring with that of the used spring.
If the length of the used spring is more than 3 percent
shorter than that of the new spring, replace the used
spring immediately. Remember, however, that loss of
spring tension will NOT always show up as aloss in
overal length. Springs may be the proper length, but
they may have lost enough tension to warrant
replacement.

75.76

Figure 3-15—Facing a valve on a lathe.

3-11

Do not reinstall springs with nicks, cracks, or
surface corrosion. Replace them. To minimize corrosive
conditions, use clean lube oil, eliminate water leaks, and
keep vents open and clean

WORN VALVE KEEPERS AND RETAINING
WASHERS

Worn valve keepers and retaining washers may
result if valve stem caps (used in some engines) are
improperly fitted Caps are provided to protect and
increase the service life of the valve stems. Trouble
occurs when the cap does not bear directly on the end of
the stem, but bears instead on the valve stem lock or the
spring retaining washer. This transmits the actuating
force from the cap to the lock or the retaining washer,
and then to the stem, causing excessive wear on the stem
groove and the valve stem lock As a result, the retaining
washer will loosen and the valve stem may break

An improper fit of a valve stem cap may be due to
the use of improper parts or the omission of spacer
shims. Steel spacer shims, required in some caps to
provide proper clearance, are placed between the end of
the valve stem and the cap; leaving out the shims will
cause the shoulder of the cap to come in contact with the
lock. When you disassemble a valve assembly,
determine whether or not shims are used. If shims are
used, record their location and exact thickness. Valve
caps must be of the proper size, or troubles similar to
those resulting from shim omission will occur. Never
attempt to use caps or any other valve assembly parts
that are worn.

BROKEN VALVE HEADS

Broken valve heads usually cause damage to the
piston, liner, cylinder head, and other associated parts.
This damage is generally repairable only by
replacement of these parts.



Whether the causes of broken valve heads are
mechanical deformation or metal fatigue, you must take
every precaution to prevent their occurrence. If avalve
head breaks loose, be sure to make a thorough inspection
of all associated parts before you replace the valve.

ROCKER ARMS AND PUSHRODS

The principal trouble that rocker arms and pushrods
may have is WEAR, which may occur in bushings, or
on the pads, end fittings, or tappet adjusting screws.

Worn rocker arm bushings are usually caused by
lubricating oil problems. A bushing with excessive wear
must be replaced. When installing a new bushing, you
usually need to use areamer for the final fit.

Wear at the points of contact on a rocker arm is
generaly in the form of pitted, deformed, or scored
surfaces. Wear on the rocker arm pads and end fittings
is greatly accelerated if lubrication is insufficient or if
there is excessive tappet clearance. Pushrods are usually
positioned to the cam followers and rocker arms by end
fittings. The pads are the rocker arm ends that bear the
valve stem or valve stem cap. When the tappet clearance
is excessive, the rods shift around, greatly increasing the
rate of wear of both the rocker arm and the rod contact
surfaces. Worn fittings necessitate the replacement of
parts. Continued use of a poor fitting and worn pushrod
is likely to result in further damage to the engine,
especialy if the rod should come loose.

Worn tappet adjusting screws and locknuts usually
make maintaining proper clearances and keeping the
locknuts tight very difficult. Wear of the adjusting
screws is usually caused by loose locknuts, which allow
the adjusting screw to work up and down on the threads
each time the valve is opened and closed. To prevent this
wear, tighten the locknuts after each adjustment and
check the tightness at frequent intervals.

If the threads are worn, replace the entire rocker
arm. Do NOT attempt to repair the threads or to use a
new tappet adjusting screw except in cases of
emergency.

The adjustment of the rocker arm assembly consists
chiefly of adjusting the tappets for proper running
clearance. The valve clearance for both intake and
exhaust valves should be readjusted after overhaul. The
procedure for adjusting the rocker arm tappets of a
typical 4-stroke cycle engine is as follows:

1. Rotate the crankshaft and move the piston whose
tappets you plan to adjust to top dead center of the
compression stroke.
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2. Loosen the locknut (jam nut) on the tappet
screw, and insert a screwdriver in the slot of the screw.

3. Insert a feeler gauge of the proper thickness
between the tappet bearing and the end of the valve stem.

4. Tighten the tappet screw until the
feeler gauge will just slide freely between the bearing
and the valve stem.

5. lighten the jam nut and check the clearance. The
jam nut has a tendency to increase the clearance when
tightened; therefore, ALWAY S check the clearance after
you tighten the jam nut.

The procedure just outlined is a preliminary, or cold
engine check. Check and readjust the clearance, if
necessary, after the engine has been in operation for a
short time and has reached the normal operating
temperature. The manufacturer’s technical manual will
give the recommended valve clearances for a specific
make and model of engine and will indicate whether the
clearances given apply to cold or hot engines.

CAM FOLLOWERS AND LASH
ADJUSTERS

Regardless of the type of cam follower, wear is the
most common trouble. Worn rollers will usually develop
holes or pit marks in the roller surfaces. The mushroom
type may develop a shallow channel when the cam

TAPPET
RETAINER S
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Figure 3-16.—Adjusting valve clearance.

k

¥

75.78



follower fails to revolve and the cams wipe the same
surface each time the camshaft revolves.

Normal use will cause surface disintegration,
usually as the hardened surfaces begin to fatigue. The
condition is aggravated by abrasive particles. Nicks and
dents on rollers will also cause disintegration.

Y ou must make constant checks for defective rollers
or surfaces and for nicks, scratches, or dents in the
camshaft. Whenever you find a defective cam follower,
you should replace it. In roller-type cam followers you
must replace a worn cam follower body and guide or
roller needle bearings (if used).

Defective or poorly operating valve adjusters allow
clearance or lash in the valve gear. Noisy operation of a
lash adjuster indicates that there is insufficient oil in the
cylinder of the unit. When you discover a noisy lash
adjuster and the oil supply or pressure is not the source
of trouble, remove and disassemble the unit according
to the manufacturer’ sinstructions.

Since the parts of lash adjusters are not
interchangeable, disassemble only one unit at a time.
Check for resinous deposits, abrasive particles, a stuck
ball check valve, a scored check valve seat, and
excessive leakage. Carefully wash all parts of the
hydraulic lash adjuster in kerosene or diesel fuel. Check
such parts as the cam follower body, plunger or piston,
and hydraulic cylinder for proper fit.

INLET
CAM

- CAMSHAFT
=— | KEY DRIFTS

75.92
Figure 3-17.—Removing an individual cam.
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INSPECTING AND REPAIRING
CAMSHAFTS

Camshafts can be saved when the cams alone are
damaged, if the cams are of the individual type, since
such cams may be removed and replaced[Figure 3-17]
illustrates the method of removing an individual cam
from its shaft.

When you remove a camshaft from an engine, clean
it thoroughly with either kerosene or diesel fuel. After
cleaning the shaft, dry it with compressed air. After
cleaning the cam and journal surfaces, inspect them for
any signs of scoring, pitting, or other damage.

When you remove or insert a camshaft through the
end of the camshaft recess, rotate it slightly. Rotating the
camshaft allows it to enter easily and reduces the
possihility of damage to the cam lobes and bearings.

After you visually inspect a camshaft, place it on
V-blocks and measure the shaft runout by using a dial
indicator. When you measure the runout, take the
out-of-roundness into consideration. Compare your
measurements to the manufacturer's specifications.
Also, measure the camshaft bearing journals with a
micrometer.[Figure 3-18 illustrates a camshaft with
bearing journals.

A camshaft needs to be replaced if the following
conditions occur:

1. The lobes are damaged, as lobes cannot be
repaired.

2. Runout exceeds the manufacturer’s
specifications.

3. Wear on the shaft bearing journals exceeds the
manufacturer’ s specifications.

4. The keyways are damaged.

BEARING JOURNALS

Figure 3-18—Camshaft with bearing journalsin a V-type
engine.



Before you reinstall a good camshaft, remove the
minor surface defects on the cams and the camshaft by
using crocus cloth or afine stone.

INSPECTING, MAINTAINING, AND
REPLACING PISTON RINGS AND PISTONS

The following paragraphs are general procedures
for inspections, maintenance, and replacement of piston
rings and pistons. Y ou must consult the manufacturer’s
technical manual for specific instructions.

PISTON RINGS

Over a period of time al piston rings wear. Some
stick and may even break. While you may be able to free
stuck rings and make them serviceable, you must
replace excessively worn or broken rings with new ones.
The installation of a new set of rings in an engine
requires great care. Most of the damage that is done
occurs when the rings are being placed in the grooves
of a piston or when the piston is being inserted into the
cylinder bore.

Be very careful when you remove the piston and
connecting rod from the cylinder. In most engines, you
should not remove a piston from a cylinder until you
have scraped the cylinder surface above the ring travel
area. In addition to removing all carbon, you must
remove any appreciable ridge before removing the
piston. Do not remove aridge by grinding, as this will
allow small abrasive particles from the stone to enter the
engine. Use a metal scraper and place a cloth in the
cylinder to catch all metal cuttings. You can usually
scrape enough from the lip of a cylinder to allow the
piston assembly to dide out of the liner. After removing
the piston, you can make a more detailed inspection of
the ridge.

Finish scraping the remaining ridge, but be careful
not to go too deep. Finish the surface with a handstone.
For large ridges, you may need to remove the liner and
use asmall power grinder.

With the piston and connecting rod removed, check
the condition and wear of the piston pin bushing, both
in the piston and in the connecting rod.

The best way to remove and install piston rings is
with a tool similar to that shown in f[gure 3-19. TThese
tools generally have a device that limits the amount the
ring can be spread and prevents the rings from being
deformed or broken.

A ring that is securely stuck in the groove will
require additional work. Y ou may need to soak the piston
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Figure 3-19.-Piston ring tools used for removal or installation.

overnight in an approved cleaning solvent or in diesel
oil. If soaking does not free the ring, you must drive it
out with a brass drift. The end of the drift should be
shaped and ground to permit its use without damage to
the lands.

After removing the rings, thoroughly clean the
piston with special attention to the ring grooves. (Diesel
oil or kerosene are satisfactory cleaning agents.) In
addition, you may need to clean excessive deposits from
the oil return holes in the bottom of the oil control ring
grooves with a twist drill of a diameter corresponding
to the original size of the holes.

Make another complete inspection after cleaning
the piston. Check all parts for any defects that could
require replacement of the piston. Give particular
attention to the ring grooves, especially if the pistons
have been in service for along period of time. A certain
amount of enlargement of the width of the grooves is
normal, and SHOULDERING of the groove may occur.
Shouldering, as illustrated in figure 3-20 Iresults from
the “hammering out” motion of the rings. The radial
depth of thickness of the ring is much less than the
groove depth, and while the ring wears away an amount
of meta corresponding to its own width, the metal at the
bottom of the groove remains unchanged. Shouldering
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Figure 3-20.—Ring groove shoulders due to wear.
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usudly requires replacement of the piston since the
shoulders prevent the proper fitting of new rings.

After determining that a piston is servicesble,
inspect the rings carefully todetermine whether they can
be reused. If they do not meet specifications, you must
install new rings.

When installing rings, measure the gap with a feeler
gauge. To measure the gap, place the new rings inside
the cylinder liner view A) or in aring gauge.
When the gap is measured with the ring in the liner

PISTON

—CYLINDER LINER

A

view B), two measurements are necessary—one
just below the upper limit of ring travel, and the other
within the lower limit of travel. These measurements are
necessary because the liner may have a dight amount of
taper caused by wear. The ring gap must be within the
limits specified in the manufacturer’s technical manual.
If the gap of a new ring is less than specified, file the
ends of the ring with a straight-cut mill file to obtain the
proper gap. If the gap is more than specified, ingall
oversized rings.

To measure thering gap of used rings, hold therings
in place on the piston with a ring compressing tool
[3-22). But before you measure the ring gap with the ring
on the piston, first measure the piston for wear and
out-of-roundness.

After ensuring the proper gap clearance, you can
reinstall the piston pin and connecting rod. During
reassembly and ingtallation of a piston and connecting
rod assembly, be sure that al parts are well lubricated.
Ingtall the rings on the piston with tools similar to those
used for ring remova. When ingtaling piston rings,
spread them as little as possible to avoid breaking the
rings. Insert the lowest ring first. When al the rings have

FEELER GAUGE
FOR MEASURING

B

Figure 3-21-A. Leveling a piston ring. B. Measuring ring gap clearance in a cylinder bore.
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Figure 3-22—Checking ring gap clearance.

been installed, check the ring-to-land clearance. (See
If the clearance is too small, the ring may
bind or seize, allowing improper sealing and blowby to
occur. If the clearance is excessive, the ring may flutter
and break itself or the piston land.

After you have properly installed all the rings, coat
the entire assembly with oil, then insert it into the
cylinder bore. Position the rings so the gap of each
successive ring is on an alternate side and the gaps are
in line with the piston pin bosses. On large engines, use
a chain fall to hold the piston assembly in position as
you lower it into the cylinder. (See[fig. 3-247)

EN2f0316

Figure 3-23.-Checking ring groove side clearance.
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Figure 3-24-nstalling a piston in a cylinder bore with a
funnel-type ring compressor.

When a piston is being inserted into a cylinder, the
piston rings must be compressed evenly. Special
funnel-type tools, similar to the one shown in[figure 3-24]
are usually provided for this purpose. Another type of
ring compressing tool is a steel band that can be placed
around the ring and tightened.

PISTONS

Trunk-type pistons are subject to forces such as gas
pressure, side thrust, inertia, and friction. These forces,
together with overheating and the presence of foreign
matter, may cause troubles such as undue piston wear,
crown and land dragging, cracks, piston seizure,
clogged oil holes, and piston pin bushing wear.

Excessive Piston-to-Liner Clearance

Symptoms of excessive clearance between a piston
and its cylinder are piston slap and excessive oil
consumption. Piston slap occurs just after top dead
center and bottom dead center, as the piston shifts its
thrust from one side to the other. As the cylinder taper
increases with wear, oil consumption increases. Since
taper causes the rings to flex on each stroke of the piston,
excess ring wear occurs, alowing lube oil to pass and
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be burned in the cylinder. This results in the
accumulation of excessive carbon deposits.

Crown and Land Dragging

Pistons and liners may become sufficiently worn to
permit the piston to cock over in the cylinder. This
allows the crown and ring lands to drag on the cylinder
wall. The results of dragging can be determined by
visually inspecting the parts of the piston in question.

Piston Wear

Although piston wear is normal in al engines, the
amount and rate of piston wear depend on several
controllable factors. (The causes of excessive piston
wear, and crown and land dragging, are a so the causes
of other piston troubles.)

One of the controllable factorsis LUBRICATION.
An adequate supply of ail is essential to provide the film
necessary to cushion the piston and other parts within
the cylinder and prevent metal-to-metal contact.
Inadequate lubrication will not only cause piston wear
and crown and land dragging, but also may cause piston
seizure, and piston pin busing wear.

Lack of lubrication is caused either by a lack of lube
oil pressure or by restricted oil passages. The
pressure-recording instruments usually give warning of
low oil pressure before any great harm results. However,
clogged passages offer no such warnings, and their
discovery depends on the care that is exercised in
inspecting and cleaning the piston and connecting rod
assembly.

Another controllable factor that may be directly or
indirectly responsible for many piston troubles is
IMPROPER COOLING WATER TEMPERATURE.

If an engine is not operated within the specified
temperature limits, lubrication troubles will develop.
High cylinder surface temperatures will reduce the
viscosity of the oil. As the cylinder lubricant thins, it will
run off the surfaces. The resulting lack of lubrication
leads to excessive piston and liner wear. However, if
temperatures are below those specified for operation,
viscosity will be increased, and the oil will not readily
reach the parts requiring lubrication.

Oil plays an important role in the cooling of the
piston crown. If the oil flow to the underside of the
crown isrestricted, deposits caused by oxidation of the
oil will accumulate, lowering the rate of heat transfer.
Therefore, the underside of the piston crown should be
thoroughly cleaned whenever pistons are removed

While insufficient and uneven cooling may cause
ring land failure, excessive temperatures may cause
piston seizure; an increase in the rates of oxidation of
the ail, resulting in clogged oil passages; or damage to
piston pin bushings.

Seizure or excessive wear of pistons may be caused
by IMPROPER PIT. New pistons or liners must be
installed with the piston-to-cylinder clearances
specified in the manufacturer’ s instruction manual .

PISTON PINS AND SLEEVE BEARINGS OR
BUSHINGS

Every time you remove a piston assembly from an
engine, inspect it for wear. Measure the piston pins and
sleeve bearings or bushings with a micrometer, as shown
in[figure 3-25] to determine whether wear is excessive.
Do NOT measure areas that do not make contact. Such
areas include those between the connecting rod and
piston bosses and areas under the oil holes and grooves.

Y ou can press bushings out of the rod with a mandrel
and an arbor press or with specia tools, as shown in
[figure 3-26] You can also remove bushings by firt
shrinking them with dry ice. Dry ice will also make it
easier to insert the new bushing.

Figure 3-25.—Measuring a piston pin and piston bushing for
wear.
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Figure 3-26.-Removing or ingtalling a piston pin bushing.

When you insert new bushings, be sure that the bore

into which they are pressed is clean and that the oil holes

in the bushing and the oil passages in the rod are aligned.

To obtain proper clearance, sometimes you will need to

ream a piston pin bushing after it has been installed.
[Figure 3-27) shows equipment used to ream a bushing.

After installing a new bushing, check the alignment
of the rod with equipment such as illustrated in
Be sure to check the manufacturer’'s technical
manual for details concerning clearances and alignment
procedures.

PISTON PIN CONNECTING ROD BUSHING
FRONT GUIDE BOSS

REAMER~_ —~—~—
HANDLE~_ '(
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INSPECTING, MAINTAINING, AND
REPAIRING CONNECTING RODS

Most connecting rod troubles involve either the
connecting rod bearing or the piston pin bearing. You
can avoid these troubles by performing proper
maintenance procedures and by following instructions
in the manufacturer’'s service manual. There are,
however, certain unavoidable troubles, such as cracked
connecting rods caused by defective material. Such
cracks must be discovered before they develop to a point
that the rod fails. Magniflux testing is considered the
best method for locating cracks. If you discover a crack
in a connecting rod, replace the rod; do not try to repair
it. If you have to replace a damaged rod, send it, with
other damaged parts, to a salvage center for possible
reclamation.

Do not repair defective connecting rod bolts, except
for removing small burrs by using a fine rectangular file.
If you doubt the condition of abolt or anut, replace it.

Check the connecting rod bore for out-of-roundness
with an inside micrometer. Make the correction and
recheck the bore. If the distortion is permanent, replace
the rod.

Y ou can make plugged oil passages of connecting
rods serviceable by running a wire through them. In
extreme cases, you may need to drill the passages free
of foreign matter.

CONNECTING
ROD
CONNECTING ROD BOLT

CONNECTING ROD CAP

ARBOR

REAR GUIDE BOSS

GUIDE BUSHING - REAR

Figure 3-27.-Reaming equipment.
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Figure 3-28.—Checking the alignment of a connecting rod.

REPAIRING CRANKSHAFTS AND
JOURNAL BEARINGS

The repair of crankshafts and bearings varies
depending on the extent of damage. There is no doubt
about the necessity for replacing such items as broken
or bent crankshafts. Out-of-round journals may be
reground and undersize bearing shells may be installed,
but this reguires personnel skilled in the use of precision
tools. If anew shaft is available, it should be installed
and the damaged shaft should be sent to a salvage
reclamation center. Under certain conditions, scored
crankshaft journals or damaged journal bearings may be
kept in service if proper repair is performed.

Repair of SCORED JOURNALS depends on the
extent of scoring. If a crankshaft has been overheated,
the effect of the original heat treatment will have been
destroyed. In this case, the crankshaft should be
replaced.

If journal scoring is only dlight, you can use an
oilstone for dressing purposes if you take precautionary
measures with respect to abrasives during the procedure.
During the dressing operation, plug all oil passages
within the journal and those connecting the mainbearing
journal and the adjacent connecting rod journal.

In the dressing procedure, use a fine oilstone,
followed with crocus cloth, to polish the surface. After
dressing journals, always wash them with diesel oil.
This procedure must include washing the internal oil
passages as well as the outside journal surfaces. Some
passages are large enough to accommodate a cleaning
brush; smaller passages can be cleaned by blowing them
out with compressed air. Always dry the passages by
blowing compressed air through them.

NEVER STOW A CRANKSHAFT OR BEARING
PART ON ANY METAL SURFACE. When you remove
ashaft from an engine, place it on awooden plank with

75.91
Figure 3-29.—Using a strain or deflection gauge between crank
webs.

al journa surfaces protected. If the shaft is to be
exposed for some time, protect each journal surface with
a coating of heavy grease. Always place bearings on
wooden boards or clean cloths.

CRANKSHAFT overhaul consists of an inspection,
servicing for scoring and wear, and a determination of
each crank web deflection. Take crank web deflection
readings according to the Planned Maintenance System

(PMS).

A strain gauge, often called a crank web deflection
indicator, is used to take deflection readings. The gauge
is merely a dial-reading inside micrometer used to
measure the variation in the distance between adjacent
crank webs as the engine shaft is barred over.[Figure

shows a strain gauge between crank webs.

When you install the gauge, or indicator, between
the webs of a crank throw, be sure to place the gauge as
far as possible from the axis of the connecting rod
journal. Rest the ends of the indicator in prick-punch
marks in the crank webs. If these marks are not present,
make them so that the indicator can be placed in its
correct position. Consult the manufacturer’s technical
manual for the proper location of new marks.

Readings are generally taken at the four crank
positions: top dead center, inboard, near or at bottom
dead center, and outboard. In some engines, it is possible
to take readings at bottom dead center. In others, the
connecting rod may interfere, making it necessary to
take the reading as near as possible to bottom dead
center without having the gauge come in contact with
the connecting rod. When the gauge is in its lowest
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position, the dial will be upside down, making it
necessary to use a mirror and flashlight to obtain a
reading.

NOTE: Once you have placed the indicator in
position for the first deflection reading, do not touch the
gauge until you have taken and recorded all four
readings.

Deflection readings are also used to determine
correct alignment between the engine and the generator
or between the engine and the coupling. However, when
determining alignment, you should take a set of
deflection readings at the crank nearest the generator or
the coupling. In aligning an engine and generator, you
may need to install new chocks between the generator
and its base to bring the deflection within the allowable
value. You may also need to shift the generator
horizontally to obtain proper alignment. To align an
engine and a coupling, first, correctly align the coupling
with the drive shaft; then, properly align the engine to
the coupling, rather than aligning the coupling to the
engine.

BEARING TROUBLES

Bearings become a continual source of trouble
unless personnel entrusted with operating the engine
follow the recommended operation and maintenance
procedures exactly.

Severe bearing failures are indicated during engine
operation by a pounding noise or by the presence of
smoke in the vicinity of the crankcase. Impending
failures may sometimes be identified by arise in the
lubricating oil temperature or a lowering of the
lubricating oil pressure. Impending bearing failure may
be detected during periodic maintenance checks or
during engine overhauls by inspection of the bearing
shells and backs for pits, grooves, scratches, or evidence
of corrosion.

The indication of an impending failure does not
necessarily mean that the bearing has completed its
useful life. Journal bearings may perform satisfactorily
with as much as 10 percent of the load-carrying area
removed by fatigue failure. Other minor casualties may
be repaired so that a bearing will give additional hours
of satisfactory service.

Bearings should not be rejected or discarded for
minor pits or minute scratches; however, areas
indicating metallic contact between the bearing surface
and the journal do mean replacement is needed. Use a
bearing scraping tool to smooth minute pits and raised
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Figure 3-30.—Using a torque wrench to tighten a main bearing.

surfaces. After working on bearings, make every effort
to ensure that the bearing surfaces are clean. This also
applies to the bearing back and the connecting rod
journal Place a film of clean lubricating oil on the
journals and the bearing surfaces before you reinstall
them.

INSTALLING JOURNAL BEARINGS

Always check the markings of the lower and upper
bearing halves so you install them correctly. Many
bearings are interchangeable when new, but once they
have become worn to tit a particular journal they must
be reinstalled on that particular journal. You must mark
or stamp each bearing half with its location (cylinder
number) and the bearing position (upper or lower) to
prevent incorrect installation.

You must also pull the connecting rod bearing cap
nuts down evenly on the connecting rod bolts to prevent
possible distortion of the lower bearing cap and
consequent damage to the bearing shells, cap, and bolts.
Use a torque wrench to measure the torque
applied to each bolt and nut assembly. Apply the same
torque to each bolt. If a manufacturer recommends the
use of atorque wrench, the specified torque will be listed
in the manufacturer’s technical manual.

Another method for pulling down the nuts evenly is
to stretch each bolt an equal amount and measure the
distance from end to end of the bolt before and after
tightening.[Figure 3-31] shows the type of gauge used,
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Figure 3-33.—Measuring bearing shell thickness.
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Figure 3-34.—Checking bearing clearance with a Plastlgage.

Figure 3-32.—Measuring bolt elongation.

MEASURING BEARING CLEARANCES

and[figure 3-32]illustrates the gauge in use. The proper

. . . , Do not use leads, shim stock, or other such items to
elongation is listed in the engine manufacturer’'s

; determine clearance of precision bearings. The