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234.8.61 TD's that affect components which
require an SCR card or a Supplemental Service
Record, such as a urbine rotor disc assembly,
also shall be recorded in the TD section of that
<ard ur record, according to paragraphs 234-8,73
and 234-8.92. In this instance, only the TD
number and a brief description shall be ertered on
NAVSEA 9400/6 with the notation in the
Compliance column, See SCR Card, or dee
Supplemental Record.

234.8.62 Activities maintaining custody of the
MGTESR shall use the single entry procegure for
recording TD data on the NAVSEA 9400/6
forms. This procedure i8 as follows: (Also refer
to figure 234-28G.)

1. Basic Information: Emer type of
directlve and complete description of equipment-
name, model/type, and serial number.

2. Number: Enter the directive number in
numerical sequence, except the directive number
for each revision or amendment shall be entered
(n the sequence that each revision or amendment
is received. All directive numbers, except
revisions and amendments, are accounted for m
the numerical sequence. This includes a
numbered space for each directive that has not
been received. Interim dircctives shall be
recorded on the same sheet as the formal
directives and are identified by an I preceding the
directive number. When the cancellation
instructions in @n interim directive indicats that 4
will be superseded by a formal directive, enter te
basic directive number on the following line.

NOTE: In instances where a
directive is composed of multiplc parts to
be accomplished at different times and
the multiple parts can be sequentially
recorded on the GTC page(s), separate
consecutive entries shall be made for

each part.

62N

NOTE: In instances where a singie
line has been left for adirective that has
not been received, a multiple-part GTC is
subsequently received, and ths multiple
pans are to be accompli at different
times, part one of the GTC is entered and
accounted for on the GTC page. This
entry also contains a reference to the
remeining parts, which shall be recorded
on the GTC Revisions/Amendments
page(s). During depot rework, 8
multiple-part GTC recorded in this
manner £ be consolidated with the
pant one entry, with appropriate status
recorded. . .

3. Status: Enter the appropriate status code -
INC, NINC, NA, NIS, or C. Definitions of the
codes and instructions for their use are listed
below:

a. Incorporated (INC) indicates that
the modification or production equivalent thereto
has been completely incorporated., or the
inspection has been completed.

b. Not Incorporated (NINC) in-
dicates that compliance with the modifications or
inspection has not been accomplished. This
includes modifications or inspections that have
only been parially completed. NINC is a
temporary entry made in pencil tn allow for a
status code change if the directive is incorporated
or canceled.

c. Not Applicable (NA) indicates
that the directive does not apply to the partcular
equipment of the MGT maodel or the equipment
serial number.

NOTE: In instances where &
directive has not been received (NIS™
status) and it is determined that the
directive would not be applicable to the
panicular equipment of the MGT model
or the equipment serial number, NA shall
be emered for the status of the directive.

ACN 4
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d. Not Issued (NIS) indicates
that the directive has not been issued. NIS isa
-temporary entry made in pencll to allow for a
statug code change if the directive is issued or
canceled before it is issued.

e. Canceied (C) indicates that the
directive has bsen canceled, superseded, or
rescinded.

NOTE: When a TD bhas been
incorporated and it is suhsequenty
canceled, superseded, or rescinded, te
status code remaing INC,

4. Category; Enter the appropriate category
code: 1 for immediate, U for urgent, or R for
routine,

NOTE: Leave space blank for
directives that have an NA or NIS status.

3. Description: Enter a brief description of
the directive. (This need not be tho complete
subject of the directive.)

NOTE: For a TD that has an NA
status. enter a brief notation in the
Description column to indicate non-
applicability such as not this serial
number. No description of the directive
is required.

NOTE: |Leave space blank for
directives that have NIS staus,

NOTE:  For aTD that hasa C status,
enter the canceling or superseding
reference in the Description column,
No description of the directive is
required.

6. Compliancc: Enter the name of the
activity complying with the directive aixd the date
of compliance.

NOTE: Leave a space blank for
directives that have an NINC or NIS
status code.

ACN 3/4
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7. Signawre: All entries, except those with
a status of NINC and NIS, shall be individully
signed except in records consolidated during
depot rework, A single signature is authorized
per paragraph 234-8.31.

8. Revisions Issued: When a revision or
amendment to a dircctive iy issued. te
revision/amendment annotation is entered in the
Revisions Issued column on the same line
containing the basic entry. The complete log
entry for the rovision or amendment is then
entered on the applicable revisions/amendments
TD page. The Revislony Issued column on
these pages is not used.

234-8.63 Original accepting activities and
depot-level rework activitics may provide within
the TD listing & one-line entry for each group of
consccutively numbered TD's that has a status
code of either NA or C. The procedures of
paragraph 234-8,31 are also applicable to these
entries. When this format is used, no entry shall
bc made in the Category or Description
column for these TD's. In addition, when a new
versivn (dash number) of the same model engine
is produced, the original accepting activity shall
accuunt for all TD's applicable only to the
original equipment model by a logbook entry on
the GTC and GTB pages, such as 1-50, NA,
and the notation Previous Models Only
inserted in the Description c¢olumn, These
entries ensure accountability of all TD's on the
model serles and cites, by number, those TD's
that do not apply to the new version and for
which no action is required by Navy activities.
The entry isnot to be construed as indicating that
the modifications prescribed by the GTC's
contained within the block entry were or were not
incorporated into the production models of the
new version,

234-8.64 MGTE MISCELLANEOUS
HISTORY. The MGTE Miscellaneous History,
NAVSEA 9400/7, is used in the MGTESR to
reccrd pertinent information for which no other
place has been provided. This information would
include significant informarion which might be of
assistance to personnel/activities invoived in
subsequent diagnoses of problems with the
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NAVSEA $9086-HC-STM-000/CH-234
NAVAL SHIPS' TECHNICAL MANUAL
CHAPTER 234
MARINE GAS TURBINE
NAVSEA 0901-LP-416-0003 (September 1967 Edition), Chapter 9416, Naval Ships'
Technical Manual (NSTM) is superseded by Chapter 234 as follows:

1. This revision results from the Naval Sea Systems Command's program to
revise, repackage, and reissue the NSTM.

2. All holders of the NSTM shall replace old Chapter 9416 with Changes 1

and 2 with new Chapter 234. Chapter 9416 with Changes 1 and 2 shall be
destroyed without accounting.

AR Cadeten, W _

R. S. CARLETON C/ G./ DARRELL, CAPT, USN
Director, Engines Division Direfgtor, Fleet Logistics

S ort Office
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CHAPTER 234 MARINE GAS TURBINES

SECTION 1. INTRODUCTION

234—-1.1 GENERAL

234—1.2 Gas turbine engine applications as ship-
board auxiliary and propulsion units are increasing in
the fleet. Many different engine makes, models, and
power ratings are used to meet these applications. Be-
cause the engines differ, only general guidelines and
useful gas turbine information are discussed in this
chapter.

234—1.3 All personnel assigned to operation and
maintenance of gas turbine engines should become
thoroughly familiar with the construction features, in-
stallation, operation, adjustment, safety precautions,
and maintenance requirements of the engines. Ap-
propriate Naval Sea Systems Command (NAVSEA)
technical manuals and manufacturer technical manu-
als should be used for specific information about each
engine.

234—1.4 Before operating a gas turbine engine or
performing routine maintenance or overhaul, de-
tailed personnel should be thoroughly familiar with
the information available from:

1. Manufacturer’s installation, operation, and
maintenance technical manuals and instructions
for the model of engine to which assigned

NOTE

A manufacturer’s technical manual with a
NAVSEA number assigned has the full
authority of a NAVSEA technical manual.

2. Class advisories, circular letters, and force,
squadron, and division engineering directives
pertaining to a specific gas turbine engine and ac-
cessories

3. Relevant NSTM Chapters

4. NAVSEA Planned maintenance System
(PMS) documentation, maintenance Require-
ment Cards (MRCs), and maintenance Index
Pages (MIPs)

5. NAVSEA Engineering Operational Se-
quencing System (EOSS)

6. Engine allowance lists and the Consolidated
Onboard Ship’s Allowance Lists (COSAL) for
the ship

7. NAVSEA technical directives and technical
bulletins covering the particular engine.

234—1.5 In addition, personnel working on gas tur-
bines should be familiar with the following training
manuals:

1. Tools and Their Uses, NAVEDTRA 10085
2. Fireman, NAVEDTRA 10520

3. Machinery Repairman 3 and 2,
NAVEDTRA 10530

4. Machinery Repairman 1 and C,
NAVEDTRA 10531

5. Engineman 3 and 2, NAVEDTRA 10541
6. Engineman 1 and C, NAVEDTRA 10543
7. Diesel Engines, NAVEDTRA 10625

8. Principles of
NAVEDTRA 10788

9. Engineering Administration, NAVEDTRA
10858

10. Fundamentals of Petroleum, NAVEDTRA
10883

Naval Engineering,

11. Navy Safety Precautions for Forces Afloat,
OPNAVINST 5100.19.

234—1.6 ENGINE OPERATING DESCRIPTION

234—1.7 A gas turbine engine in its simplest and
most common form is a heat engine where heat in the
form of burning fuel is added, and useful work is ex-
tracted. The gas turbine engine operates by a series of
processes consisting of:

1. The compression of a working gas (air) taken
from an external reservoir (the atmosphere)

2. The addition of heat to the air (by burning
fuel)

3. The flow of the high—temperature, high—
pressure gas through a turbine where work is ex-
tracted

4. The discharge of gas back to the atmosphere.

234—-1.8 Since the operating process is open on both
ends — that is, the exhaust gas is not sent back to the
inlet — the engine is called the open cycle gas
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turbine. Since the open cycle gas turbine engine is the
only type of gas turbine currently in use in the Navy,
all discussion in this chapter is confined to the open
cycle engine. Figure 234—1 is a simple schematic of
an open cycle gas turbine engine.

234—1.9 The gas turbine engine is roughly similar to
the gasoline and diesel engines in its use of air and in-
ternal combustion to perform useful work. It is also
like the steam turbine because it has continuous flow
of the working gas.

234—1.10 The continuous flow allows the compres-
sion and power production (expansion) processes to
be performed by rotating elements. Energy is trans-
ferred directly to the rotating elements rather than
through the motion of pistons and connecting rods as
is the case for reciprocating engines.

234—1.11 A typical U.S. Navy gas turbine engine is
constructed in four principal sections, or modules,
each section containing components necessary to per-
form a specific function in the cycle. In some instances
a section is modularized to the extent that a module
can be replaced without disassembling the remaining
modules.

234—1.12 INLET SECTION

234—1.13 The inlet section of a gas turbine engine
directs air into the compressor. Inlet sections are de-
signed to provide at the compressor inlet the most
uniform velocity and total pressure distribution possi-
ble. Without smooth, nonturbulent airflow, compres-
sor blade life, output horsepower, and engine fuel
consumption will be adversely affected.

234—1.14 The inlet section provides important sec-
ondary functions. It usually contains the wash mani-
fold and injection nozzle for spraying a liquid cleaning
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solution into the engine. This wash system is impor-
tant because it removes salt and other fouling resi-
dues that accelerate vane and blade corrosion, de-
crease compressor efficiency, shorten engine life, and
increase engine fuel consumption.

234—1.15 Since a ship may need to serve in ex-
tremely cold environments, the inlet section may also
contain anti—icing piping and injection nozzles used
to introduce hot air into the compressor inlet. This
hot air, usually extracted from the engine compressor
discharge bleed air port, inhibits the formation of ice
on engine components such as variable pitch com-
pressor vanes, and other items such as bellmouth and
inlet screens.

234—-1.16 GAS GENERATOR

234—1.17 The gas generator consists of the compres-
sor(s), the combustion system(s), and the high—
pressure turbine(s).

234—1.18 During engine operation, air from the in-
let section enters the compressor where its pressure
is increased. The high—pressure air is then directed
into the combustion section where it is mixed with
fuel and ignited, raising its temperature.

234—1.19 The hot gases from the combustor are di-
rected into the high—pressure turbine, where power
is extracted from the gas stream to drive the compres-
sor rotor. From the high—pressure turbine, the gases,
now at reduced pressure and temperature, are ducted
into the power (or low—pressure) turbine and into
the exhaust collector.

234—1.20 COMPRESSOR. The compressor con-
sists of a rotor and stator within a casing. Its function
is to pressurize intake air. Gas turbine com—

BURNER

COMPRESSOR TURBINE
POWER QUTPUT
POWER
AIR IN EXHAUST OUT

Figure 234—1. Schematic of Open Cycle Gas Turbine Engine
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pressors are either axial flow or radial flow, depend-
ent on the direction of the air leaving the compressor
rotor.

234—1.21 Axial Flow Compressor. The only com-
pressor type in large marine gas turbine engines is the
multistage axial flow compressor, a cutaway view of
which is illustrated in Figure 234 2.

234—1.22 In the axial flow compressor, exit flow is
discharged from the compressor in the same direction
as the input flow enters. This allows higher efficiency,
and the production of a high pressure ratio on a single
shaft. The axial compressor stage consists of a rotat-
ing row of blades followed by a stationary vane row.
The rotating blades increase the kinetic energy of the
air. The increased kinetic energy is then converted to

STATOR
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pressure by the stator vanes. By combining several
stages in series it is possible to increase the pressure
of the air in successive steps.

234—1.23 Radial Flow Compressor. The radial flow
compressor, used in several small gas turbine engines,
is best suited to low pressure ratios where overall en-
gine diameter is not important. The radial flow com-
pressor imparts centrifugal energy (increased veloc-
ity) to the air by rotating the air out from the compres-
sor inlet flow axis; that is, most gas turbine radial flow
compressors discharge air radially outward at an an-
gle 90° to the input axis. The exhaust flow then passes
through a diffuser, increasing the air pressure.

234—1.24 Figure 234-3 shows an exploded view of
a radial flow compressor.

ROTOR
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IMPELLER

DIFFUSER

COMPRESSOR MANIFOLD

Figure 234—3. Exploded View of Radial Flow Compressor
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234—1.25 Combination Axial—Radial Compres-
sors. Although the majority of compressors currently
in use are either axial or radial flow, it is possible to
have compressors in which both types are used in
combination. A typical example of such an applica-
tion is illustrated in Figure 234—4.

234—1.26 COMBUSTION SECTION. The combus-
tion section of the gas turbine accepts air from the
compressor and delivers it to the high—pressure tur-
bine at increased temperature, with little loss of pres-
sure; this is accomplished by the internal combustion
of fuel.

234—1.27 Fuel preparation, mixing, and burning
takes place in the combustion section which consists
of the combustor, the fuel manifold, fuel nozzles, the
igniter, and leads.

234—1.28 Marine gas turbine combustors are of
three types — can, annular, or can—annular.

234—1.29 Can Type Combustor. A can burner com-
bustor is most frequently employed in centrifugal
compressor engines. Air leaving the diffuser is ducted
to individual combustion cans, or cylinders, arranged
around the axis of the engine. Each can contains its
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own fuel nozzle located in the center of the burner.
Primary air delivered from the compressor is intro-
duced at the nozzle, mixes with the fuel, and supports
combustion. Additional air, which bypassed the fuel
nozzles, mixes with the products of primary combus-
tion to cool the combustor, dilute and cool the hot
gases, and distribute the heat energy evenly. The hot
gas from the combustion can(s) then flows into the
turbine section. The can type combustor is illustrated
in Figure 234-5.

234—1.30 One advantage of the can type combustor
is that serviceability is enhanced since individual cans
may be removed for inspection and replacement with-
out disturbing the engine installation. One disadvan-
tage of the can type combustor is that if any one fuel
nozzle malfunctions, the turbine nozzle guide vanes
are subjected to severe temperature differentials that
can cause vane distortion or burnout.

234—1.31 Annular Type Combustor. The annular
combustion chamber consists of combustion space
formed by concentric cylinders around the engine
axis. Fuel is introduced through a ring of nozzles at
the upstream end of the annulus.

Figure 234—4. Cross Section of Lycoming TF20 Gas Turbine Engine
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Figure 234—5. Can Type Combustor

234—1.32 This type of burner uses all of the space
available, which permits more time for fuel and air
mixing within a relatively simple structure and low
pressure loss.

234—1.33 The principal objections to an annular
combustion chamber are:

1. The annular chamber is subject to heat and
stress buckling.

2. Removal of the chamber requires significant
disassembly of the engine.

234—1.34 Two views of the annular combustor are il-
lustrated in Figure 234 —6.

234—1.35 Can—Annular Type Combustor. The
can—annular combustor chamber arrangement con-
sists of individual cans placed side by side in an annu-
lar chamber. The cans are essentially individual annu-
lar burners. Each is provided with a concentric tube
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which increases the effective burner length by in-
creasing the fuel air mixing, without adding to the
overall size. A cluster of several fuel nozzles is placed
around the perimeter of the forward end of the can.
The cans are interconnected by means of crossover or
fire tubes which propagate the flame from can to can
after initial combustion.

234-1.36 In the can—annular type of arrangement,
only one or two igniter plugs (see paragraph
234—1.42) are used and the flame traveling through
the crossover tubes provides combustion in each of
the other cans.

NOTE

In comparison, a can burner has one igniter
plug for each can when not connected
through crossover tubes.

234—1.37 The can—annular combustion chamber,
like the can burner arrangement, allows removal and
replacement of individual cans without disassembly
of the engine. It does not provide as even a tempera-
ture distribution at the turbine inlet as the annular
combustor.

234—1.38 FUEL NOZZLES. The function of the
fuel nozzle is to spray highly atomized fuel into the
combustion areas so burning is completed in the
shortest space and time. The fuel must be sprayed
evenly to prevent formation of any hot spots on the
combustion chamber liner.

Figure 234—6. Annular Type Combustor
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234—1.39 The rate flow through a given nozzle will
depend on the viscosity of the fuel and the pressure
drop across the nozzle. Too low a fuel pressure will re-
sult in poor atomization, with incomplete combustion
and the formation of carbon deposits.

234—1.40 One method of avoiding the problem of
low fuel pressures and resultant poor combustion is
use of a dual (or duplex) nozzle which has both a pri-
mary and secondary orifice. The dual nozzle requires
a pressure —operated valve to divide the fuel flow into
primary and secondary manifolds.

234—1.41 At low fuel flows, all of the fuel passes
through the primary manifold. The primary orifice
permits a higher degree of atomization under these
conditions. When the fuel pressure is sufficient to
open the main line, the secondary orifice sprays the
greater amount of fuel in a satisfactory pattern.

234—1.42 IGNITERS. Usually, gas turbine engines
are provided with two igniter plugs, sometimes re-
ferred to as spark igniters. In the case of can type and
can—annular type burner chambers, the igniter plugs
are located in separate chambers.

234—1.43 Igniter plugs serve a purpose similar to
spark plugs in a reciprocating type engine. Unlike the
ignition system of a reciprocating engine, the opera-
tion of the gas turbine engine ignition system is neces-
sary, usually, only for a short time during engine start-
ing.

STATOR
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234—1.44 The typical dual ignition system consists of
an electrical power source, two igniter plugs, separate
exciters for each igniter plug, and the associated wir-
ing harnesses and high—tension leads. The exciter
converts a low voltage power to a high—voltage po-
tential for delivery to the igniter plug.

234-1.45 GAS GENERATOR TURBINE. The gas
generator turbine, which is the high—pressure tur-
bine, extracts energy from the expanding gases flow-
ing from the combustion chamber and converts this
energy into torque to drive the compressor and vari-
ous engine accessories.

234—1.46 The high—pressure turbine is mounted on
the same shaft as the compressor, and the energy ex-
tracted by the turbine is used to drive the compressor.
As much as 3/4 of all energy available from the com-
bustion process is used to drive the compressor. The
remaining energy is available for useful work.

234—1.47 Turbines, like compressors, are either ax-
ial flow or radial flow type although only axial flow
turbines are currently in Navy marine use. The axial
flow turbine extracts energy from the expanding gas
flow and exerts a force on the blades. The expansion
of the gas flow across the turbine blades causes a
change in velocity. This force is translated into torque
which is applied to the shaft. Figure 234 —7 illustrates
the stator and rotor components of the single—stage
high—pressure turbine.

Figure 234—7. Single Stage High Pressure Turbine Components
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234—1.48 An axial flow turbine is comprised of two
main elements, a set of stationary vanes, and a turbine
wheel or rotor. The stationary section consists of a
plane of contoured vanes concentric with the turbine
axis. The vanes are angled to form a series of small
nozzles which discharge the gases onto the blades of
the turbine wheel. The stationary vane assembly is
usually referred to as the turbine nozzle and the vanes
are called nozzle guide vanes.

234—1.49 Axial flow turbines may consist of either a
single stage or of multiple stages. In multiple stage ar-
rangements, stationary vanes are inserted before
each rotor wheel. Each set of stationary vanes forms
a nozzle vane assembly that conditions and alines the
gas flow for entry into the next stage of turbine blades.

234—1.50 POWER TURBINE. The power turbine or
the low—pressure turbine is the component of the gas
turbine engine that produces useful work. The oper-
ating principles are the same as for the high—pressure
turbine but since the power turbine is downstream of
the high—pressure turbine, it operates with lower
temperature and pressure gases.

234—1.51 The power turbine rotor is directly
mounted on the output power shaft which can drive
aft through the exhaust collector or forward con-
centrically  through the compressor shaft.
Figure 234—8 is a schematic showing the gas turbine
with free power turbine driving through the exhaust
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and Figure 234-9 is a schematic of the gas turbine
with free power turbine driving through the inlet.

234—1.52 EXHAUST SECTION. The exhaust sec-
tion consists of the inner and outer duct forming the
diffusing passage from the power turbine rear frame
into the exhaust collector.

234—1.53 DESIGNATION OF GAS TURBINE EN-
GINES

234—1.54 Gas turbines are either free turbine or
coupled turbine depending on whether or not the
power turbine is connected to the gas generator shaft.
The gas generators are either single—spool or multi-
spool. Coupled and free turbines and single—spool
and multispool gas generators are discussed in para-
graphs 234—1.55 through 234—1.59.

234—1.55 COUPLED TURBINE. The primary char-
acteristic of the coupled or single—shaft gas turbine
is that the power turbine shaft is directly connected to
the gas generator shaft so the power turbine, high—
pressure turbine, and compressor are essentially
mounted on a single shaft. In turn, the single shaft or
combined shafts are linked to the driven load.

234—1.56 With this arrangement, the power turbine
cannot be run at low speeds because the gas generator
would be at the same speed and would not develop
sufficient power. Consequently, the coupled turbine
engine is best suited to applications

COMBUSTOR

EXHAUST
ouT

COMPRESSOR

HIGH PRESSURE
TURBINE

P

LOW PRESSURE
TURBINE

Figure 234—8. Schematic of Gas Turbine With Free Power Turbine Driving Through Exhaust
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exhibiting constant speed and power requirements
such as electric generator sets. Figure 234—10 illus-
trates a coupled gas turbine engine.

234—1.57 FREE TURBINE. In the free turbine en-
gine, there is no mechanical connection between the
gas generator and power turbine shafts. Each shaft is
independent of the other, allowing the rotational
speed of one to vary independently of the other.

NOTE

Independent shaft operation is especially
important for applications where frequent
driven unit load or speed changes are re-
quired because the independent action al-
lows the gas generator to be operated at its
most efficient operating point for any given
load.

234—1.58 SINGLE—SPOOL GAS GENERATOR.
The single —spool gas generator consists of a single—
compressor high—pressure turbine combination. The
compressor and turbine may contain multiple stages
but all of the stages are on a single shaft.
Figure 234—11 illustrates the single—spool free
power turbine engine. The numbers in the illustration
refer to station designations indicating the gas flow
path. The station designations are discussed in para-
graphs 234—1.60 through 234—1.64.

234—1.59 MULTISPOOL GAS GENERATOR. The
multispool gas generator configuration combines
more than one compressor turbine combination, each
mounted on independent shafts. The two, or double—
spool, gas generator has two mechanically independ-
ent compressors, each driven by a separate turbine.
The first, or low—pressure,

COMBUSTOR
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Figure 234—9. Schematic of Gas Turbine With Free Power Turbine Driving Through Inlet
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Figure 234—10. Coupled Gas Turbine Engine
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compressor is driven by the second, or low—pressure,
turbine. The second, or high—pressure, compressor is
driven by the first, or high—pressure, turbine. In the
multispool configuration, the low—pressure com-
pressor turbine shaft is located concentrically within
the high—pressure shaft. Figure 234—12 illustrates
the two spool free power turbine engine.

234—1.60 STATION DESIGNATIONS

234—1.61 Station designations are used in gas tur-
bine engine descriptions or calculations to provide a
uniform method of identifying specific locations in
the gas flow path that are significant to engine per-
formance. The system of station designations pro-
vides for the consistent definition of the process being
undergone by the gas, regardless of the type of engine
cycle. The five main processes isolated are:

1. Airintake

2. Compression in engine compressors

COMPRESSOR
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3. Heat addition
4. Expansion in turbines
5. Exhaust.

234—-1.62 Assignment of station designators for any
specific engine is the sole prerogative of the engine
manufacturer.

NOTE

Gas turbine operators should refer to the
technical manuals supplied with the engine
under their cognizance for the proper sta-
tion designators.

234—1.63 For consistency, the station numbers es-
tablished in Gas Turbine Engine performance Station
Identification and Nomenclature, Society of Automo-
tive Engineers, Inc., Aerospace Recommended Prac-
tice 755A, are used in this chapter to
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Figure 234—11. Single Spool Free Power Turbine Engine
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Figure 234—12. Two—Spool Free Power Turbine Engine
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identify the primary processes for gas flow. The sta-
tion numbers are:

1. 0 — Free stream air conditions

1 — Inlet or engine interface

2 — First compressor discharge

3 — Last compressor discharge

4 — Burner discharge

5 — High—pressure turbine discharge

6 — Power turbine discharge

® NS Uk w N

7 — Engine/exhaust interface.

234—1.64 Identification of intermediate stations
within a designated primary process is accomplished
by the addition of a numeric or alphabetic subdivi-
sion. Numbering of stations intermediate to those in-
dicated in paragraph 234—1.63 are usually limited to
two digits which can be chosen to prevent duplication.
Intermediate station designators are assigned in an
ascending or alphabetic sequence which corresponds
to the direction of flow. Figure 234—11, discussed in
paragraph 234—1.58, shows application of station
numbers to a theoretical engine. Figure 234—13 and
Figure 234—14 are examples of the applications of
the station designation system to typical Navy engine
configurations.

234—-1.65 PERFORMANCE PARAMETERS

234—1.66 NOMENCLATURE. Table 234—1 intro-
duces the nomenclature associated with the gas tur-
bine engine. The intent is to provide a common lan-
guage for oral and written communications that iden-
tify to all concerned the specific item or parameter be-
ing discussed. Examples of parameters and their defi-

10
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nitions, given to illustrate the need for a common
communications language, are listed in Table 234—2.

234—1.67 PERFORMANCE TREND ANALYSIS.
performance trend analysis takes into consideration
both gas turbine ratings and standard day conditions.

Ratings and day conditions are discussed in para-
graphs 234—1.68 through 234—1.71.

234—1.68 Ratings. Gas turbine engines are rated at
certain power levels associated usually with time—
at—temperature or output shaft torque limitations.
The exact names assigned to a given rating and the
time—at—rating limitations vary from engine to en-
gine. Manufacturer’s technical manuals should be
consulted for exact rating names and time —at—rating
or torque limitations for the specific model of engine
to which assigned.

234—1.69 Table 234—-3 gives examples of common
rating points for gas turbines. The normal rating for
auxiliary drive gas turbines would correspond to the
normal continuous rating defined in this table and the
emergency rating would correspond to the maximum
continuous rating defined in the table.

234—1.70 Standard Condition. To permit compari-
son of gas turbine performance with baseline data and
with other engines, specific standard rating condi-
tions have been established. The manufacturer’s
technical manuals should be consulted to define the
condition at which an engine is rated before attempt-
ing to calculate or compare the performance of that
engine.

234—1.71 The Internation Standards Atmosphere
(ISA) Standard Day is used for commercial and air-
craft applications, and the Navy Standard Day is used
for Navy marine engines. Navy Standard Day condi-
tions are listed in Table 234—4.
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Table 234—1. NOMENCLATURE
ABBREVIATIONS
Abbreviation Definition
B Burner
BHP Brake horsepower (horsepower available to power turbine shaft output flange)
C Compressor
FAR (WO /W4q) Fuel—to—Air Ratio
GG Gas Generator
HHV Higher Heating Value (of fuel)
IGV Inlet Guide Vane
LHV Lower Heating Value (of fuel)
N Rotational Speed
P Pressure — Absolute
p Pressure
PR Pressure Ratio
PT Power Turbine
RH Relative Humidity
SFC Specific Fuel Consumption
T Temperature — Absolute
t Temperature
W Flow Rate
SUBSCRIPTS
Subscript Definition
a Air (gas)
amb Ambient condition
b Burner
bl Bleed
c Compressor
f Fuel
g Gas
h High—pressure component or rotor
i Intermediate —pressure component or rotor
1 Low—pressure component or rotor
pt Power turbine

Static
Total

Note: The abbreviations, symbols, and subscripts listed in this table, and station designations discussed in
paragraphs 234—1.60 through 234—1.64 are used in combination to define specific parameters associated
with gas turbine engines. The combinations used designate a specific parameter in the engine cycle.
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Table 234—1. NOMENCLATURE (CONTINUED)

SYMBOLS

Symbol

Definition

q

v

Delta (ambient pressure to standard sea level pressure)
ETA (efficiency)
Theta (ambient temperature to standard sea level temperature)

Square root

Note: The abbreviations, symbols, and subscripts listed in this table, and station designations discussed in
paragraphs 234—1.60 through 234—1.64 are used in combination to define specific parameters associated with
gas turbine engines. The combinations used designate a specific parameter in the engine cycle.

Table 234—2. EXAMPLES OF PARAMETERS

Parameter Definition
Wf Fuel mass flow rate
N Rotational speed of the high—pressure gas generator (single —spool engine)
Ty Burner discharge total temperature (total temperature at engine station 4)
Ts High—pressure turbine discharge temperature
Wg7 Gas flow rate at the engine exhaust
Cpr Compressor overall pressure ratio

13
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Table 234—3. TYPICAL GAS TURBINE RATINGS

Rating

Definition

Normal Continuous?

Normal continuous is the rating at which the engine can be operated continuously
while providing long life and high reliability.

Maximum Continuous?

Maximum continuous is the boost rating. Continuous use is permitted (up to several
hours daily) but the expected life is reduced to 2/3 to 4/5 of that anticipated with the
normal continuous rating.

Maximum Intermittent?

Maximum intermittent is a burst rating permissible only for short periods of time; for
example, 3 minutes for hydrofoil take —off. Engine life should not be seriously reduced
if operation at this rating is limited to no more than 5 percent of the time.

Notes: 1. Normal continuous is usually the only rating assigned to an engine used in a
surface combatant ship.

2. Maximum continuous and maximum intermittent ratings may be assigned to engines used in patrol craft
or in high—performance ships such as hydrofoil or surface effect ships.

Table 234—4. NAVY STANDARD DAY CONDITIONS

(1) Altitude Sea Level
(2) Ambient Pressure (absolute) (14.7 1b/in2 a) 29.92 Hg absolute
(3) Ambient Temperature 37.8°C (100°F)
(4) Relative Humidity Zero
(5) Fuel Lower heating Value 18,400 BTU/Ib
(6) Installation Losses:
(a) Inlet Pressure Loss 4 in HoO
(b) Exit Pressure Loss 6 in H,O
(c) Power Extraction Zero

14
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SECTION 2 OPERATION

234—-2.1 STARTING PROCEDURE

WARNING

Do not operate any gas turbine engine
without reading the appropriate manufac-
turer’s and shipbuilder’s operating manu-
als on the specific model of engine to be
run.

234—2.2 Proper starting of any gas turbine engine is
essential to insure personal safety and effective en-
gine performance. The procedural steps which are es-
sential to proper starting are described in paragraphs
234-2.3 through 234-2.7.

234-2.3 AUXILIARY SYSTEM CHECKS. The pro-
cedural steps for prestart, and starting gas turbines
should periodically be performed for all installations.
Accomplishment of the precautionary checks will in-
sure successful, safe starts.

234-2.4 Prior to starting a gas turbine, the prestart
checklist should be used to insure the engine is ready
to be started. The checklist is:

1. Visually inspect engine inlet area for any for-
eign matter, lube oil, or fuel oil contaminations.

2. Check periodically, in compliance with ap-
propriate Planned maintenance System (PMS)
documentation, the protective screening in the
inlet plenum for any damaged areas that might
jeopardize it.

3. For both the fuel and lube oil systems, check
supply tank level, inspect filters and strainers,
clean or replace elements as required, check leak
integrity of the systems, and correct deficiencies
where necessary. Aline fuel and lube oil systems
for engine operation.

4. Visually inspect all drains in inlet and exhaust
ducting to insure they are clear.

5. Check lube oil cooling system to determine
proper operational condition.

6. Check charge status of batteries (used for en-
gine starting or as the source of power for engine
accessories).

7. If compressed air or hydraulic fluid is used as
the starting media, insure that an adequate sup-
ply is available. Aline starting system for engine
starts.

8. Check electrical connections for tightness,
corrosion, and condition of insulation. Replace
where required.

9. Verity that fuel oil, lube oil, and air systems
are alined and correct pressures are available for

each system.
CAUTION

When starting a gas turbine, temperature
gages shall be closely observed. Turbine ex-
haust temperature while starting may be
higher than normal operating tempera-
tures. Starting temperature limits and
maximum operating temperature limits
given in the manufacturer’s operating
manuals must not be exceeded.

234-2.5 AUTOMATIC START SEQUENCES.
Many gas turbine installations are equipped with an
automatic start sequencer. The automatic start se-
quencer is a small logic circuit, located in the engine
circuitry, which systematically conducts the start pro-
cedures. The sequencer is provided with a feedback
system that monitors engine operating parameters
during the start attempt. The sequencer feedback sys-
tem will abort the starting sequence if designated en-
gine operating parameters should fall outside ac-
cepted limits.

234-2.6 MANUAL START SEQUENCE. A con-
densed DD 963 LM 2500 gas turbine starting proce-
dure is listed in paragraph 234—2.7. While this is typi-
cal of starting procedures for marine engines, the
manufacturer’s manuals should be consulted for exact

procedures.
CAUTION

When starting a gas turbine, the tempera-
ture gages shall be closely observed. The
turbine exhaust temperature, while start-
ing, may be higher than normal operating
temperatures. Starting temperature limits
and maximum operating temperature lim-
its given in the manufacturer’s operating
manuals must not be exceeded.

234—2.7 The manual start sequence is:

1. Close enclosure door and hatch, if installed.

15
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2. Activate the fire extinguisher medium inhibit
switch.

Turn on power to electronic enclosure.

Turn on electronic enclosure power switch.
Turn on fuel shutdown valve power switch.
Reset overspeed switch.

Turn off ignition.

Open ventilation damper, start cooling air.

9. Check ventilation exit air temperature limit.
10. Visually inspect oil tank level.

11. Check heat exchanger coolant inlet pressure
and/or temperature.

12. Close fuel shutdown valves.

13. Close starter regulator/shutoff valve.

14. Check starter regulator/shutoff valve inlet
medium pressure.

15. Position power level angle (PLA) actuator at
idle.

16. Close bleed air valve.

17. Turn off ship water wash valve.

18. Check fuel inlet pressure and/or tempera-
ture.

19. Open start air shutoff valve.

20. At starting rpm — Nc.

a. Turn on ignition.

CAUTION

If turbine inlet temperature (TIT) rapidly
approaches or exceeds manufacturer’s
specified start temperature, abort start. A
start may be aborted at any time by closing
fuel shutdown valves, allowing gas genera-
tor to motor for 60 seconds, then closing
starter shutoff valve.

e B S

b. Open fuel shutdown valves.

c. Note time to light—off. TIT will increase
rapidly above 204°C (400°F). If engine does
not light off or TIT exceeds limit, abort start.

CAUTION

Shut down engine and take appropriate
corrective action if Ncrpm stops accelerat-
ing or it takes longer than 60 seconds to
reach idle speed.

21. Atidle Ncrpm

22. Start shutoff valve should automatically
close.

23. Switch off ignition.
24. Check oil pressure against limits.

STM—-000/CH—-
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25. Atidle, use a checklist to insure that engine
is within normal operating limits. If not, shut
down engine and refer to operating or mainte-
nance manual for appropriate actions. Check:

a. Oil pressure

b. Fuel manifold pressure

c. Nc

d. Power turbine inlet temperature

e.  Npt with clutch and brake disengaged
f.  Gas generator vibration

g. Power turbine vibration

h. Lube oil heat exchanger outlet tempera-
ture

i.  Scavenge oil temperature
J-  Ventilation exit air temperature
k. To.

234-2.8 ABNORMAL STARTS. Abnormal starts
are defined as starts that do not result in smooth en-
gine light—off and run—up, from starter initiation to
compressor idle speed. Abnormal starts should be
aborted. The two major abnormal starts, hot and hung
starts, are described in paragraphs 234—2.9 through
234-2.11.

234—2.9 Hot Start. If combustion chambers are not
completely drained following engine shutdown, fuel
will collect in the bottom. Once the starter is engaged
and air is forced through the combustion chamber,
the accumulated fuel atomizes and ignites when igni-
tion is turned on. Ignition causes an uncontrolled ex-
plosion in the combustion chamber which can damage
the liner and nozzle.

234—2.10 In case of hot start, shut down engine op-
eration completely until a comprehensive check of
the engine combustion chamber and turbines can be
accomplished.

234—2.11 Hung Start. A hung start occurs when the
gas generator rpm fails to accelerate following com-
bustor light—off, or it takes longer than 60 seconds for
the gas generator to accelerate from firing rpm to idle.
In the event of a hung start, the start attempt should
be aborted and appropriate corrective action taken.

234-2.12 STOP PROCEDURES

234-2.13 234—2.13 AUTOMATIC STOP  SE-
QUENCES. The stop sequence is a continuation of
the logic functions discussed in conjunction with the
start sequence. The stop sequence uses the same en-
gine pa—
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rameter feedback system as in starting, monitoring
and controlling selected performance parameters
during the shutdown.

234-2.14 NORMAL MANUAL SHUTDOWN. A
condensed form of the normal shutdown for the LM
2500 engines on the DD 963 class is presented in para-
graph 234—2.15. Not all of the steps will be applicable
to every engine, but they are representative of at least
one high population fleet engine. The manufacturer’s
technical manual should be consulted for the specific
steps required for a particular engine.

234—-2.15 The condensed normal shutdown se-
quence is:

1. Set gas turbine at idle power and insure
power turbine clutch (where installed) is disen-
gaged.

2. Allow the engine to stabilize at idle for 5 min-
utes.

3. Close fuel shutdown valves.

4. Observe power turbine inlet temperature for
manufacturer—designated time period after
shutdown.

NOTE

If power turbine inlet temperature has not
decreased below manufacturer’s specified
limit after designated time interval, motor
engine on starter and continue motoring
until temperature drops below limiting
value.

5. If outside air temperature is below 10°C
(50°F), shut off ventilation fan and close damper.
If above 10°C (50°F), operate fan for a minimum
of 10 additional minutes after stabilizing at idle
for 5 minutes.

6. If gas turbine is to be shut down for an ex-
tended period, power switch in electronic enclo-
sure may be turned off.

234—2.16 WATERWASH AFTER SHUTDOWN. Be-
cause of the salt laden air in which they operate, ma-
rine gas turbines must frequently be cleaned to pre-
vent performance loss from salt or other contami-
nants deposited on the compressor blades. To prevent
contaminant deposits, waterwashing of the compres-
sor should be done at regular intervals in accordance
with PMS requirements.

234—2.17 Distilled water, or distilled water with the
approved mild detergent such as liquid AJAX or B&B
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3100, should be used for normal cleaning. Operate
the engine about 5 minutes after washing, to remove
all liquid. Visually check all drains. The detailed
waterwash procedure is discussed in paragraph
234-5.47.

234-2.18 EMERGENCY SHUTDOWN

234-2.19 MANUAL SHUTDOWN. Emergency
shutdown procedures shall not be used except in case
of emergency or catastrophic engine failure. Once an
engine has been shut down under the emergency pro-
cedure, do not attempt to operate the engine until a
thorough inspection of the engine has been made and
cause of the failure has been identified and corrected.
Components of the hot section should be examined
and appropriate corrective action taken if metal dis-
tortion or heat stress cracks are identified.

234—2.20 Emergency shutdown procedures are the
same as the normal shutdown procedures described
in paragraphs 234—2.12 through 234—2.17 with the
exception that steps 1 and 2, described in paragraph
234-2.15, are waived. If conditions permit, it is advis-
able to decrease the engine power level to idle prior
to closing the fuel shutdown valves.

234-2.21 AUTOMATIC SHUTDOWNS. Most gas
turbine engines are equipped with three primary
automatic shutdown systems. These systems consist
of sensors, feedback circuits, and electronic solenoids
which activate shutoff valves in the engine fuel sys-
tem. If the sensors detect variation in engine opera-
tion above predefined limits, the automatic shutdown
system is activated, resulting in shutdown of fuel to
the engine.

234—2.22 Overspeed Trip. The power turbine shaft
is equipped with an overspeed trip. In the event of
power turbine overspeed, the overspeed governor will
sense the shaft speed and activate the power turbine
overspeed switch when the speed reaches a preset
limit. The overspeed switch controls power to the fuel
shutoff valve. Activation of the switch will deenergize
the valve resulting in a shutdown of the fuel to the en-
gine.

234-2.23 Vibration Trip. In most current applica-
tions both the gas generator and power turbine shafts
are equipped with vibration sensors that monitor
self—induced vibrations in a shaft. If the sensors de-
tect vibration above a preset level the sensor will
deenergize the fuel shutoff valve, shutting

17



Digital Database

down fuel flow to the engine. On some engines, an
alarm will sound before vibration levels reach the
preset limit.

234—2.24 Low Lube Oil Trip. Emergency shutdown
will occur if lube oil pressure drops below a defined
value. As with the other trips, this switch will deener-
gize the fuel shutoff valve and the engine will shut
down.

234—-2.25 NORMAL OPERATION

234—-2.26 The mechanism by which command sig-
nals are transmitted from the ship to the engine is the
throttle control lever (TCL) usually located both on
the bridge and on the propulsion control console in
the central control station.

234-2.27 The TCL is a hand—operated throttle usu-
ally graduated in increments of propeller rpm or per-
cents of normal rating. For normal cruising opera-
tions, the TCL is set and left in desired position. In-
ternal engine controls will regulate fuel flow, and gas
generator and power turbine speeds to comply with
the TCL command signal. Procedures for low—power
cruising vary according to the application (see para-
graphs 234—2.35 and 234—2.36).

NOTE

Ship operation manuals should be con-
sulted for low—power operating proce-
dures.

234—2.28 No engine warmup time is required for
most gas turbine engines prior to application of load.
A check, however, should be made of instrumentation
to determine if the engine is operating properly dur-
ing starting and before application of load.

234—-2.29 OPERATIONAL LIMITS AND OVER-
RIDES

234-2.30 To insure maximum life and operational
performance of a gas turbine, several mechanical and
gas path parameters must be monitored so
predefined limits are not exceeded. The manual start
sequence described in paragraphs 234—2.6 and
234—2.7 summarizes the parameters that usually
must be operator—monitored. Appropriate technical
documentation should be consulted for the exact pa-
rameters to be monitored and for the limiting values
(maximum and minimum) associated with each pa-
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rameter. Under normal circumstances these limits
should not be exceeded.

234-2.31 OPERATING LIMITS. The operating
limits are described in paragraphs 234—2.32 through
234-2.39.

234—2.32 Temperature. Operating a gas turbine
above the maximum allowable gas temperature can
result in severe damage to the combustors and tur-
bines and temperature limits must be carefully ob-
served. When temperatures is excess of the limits are
observed, the manufacturer’s instructional manual
should be consulted for apporpriate action. To insure
accuracy of temperature readings, it is mandatory
that thermocouples and other temperature —sensing
devices be kept clean and properly calibrated.

234—2.33 Rotating Speeds. Care must be taken to
maintain engine operating speeds within allowable
limits. Tachometers should be calibrated periodically
to insure accuracy within specified limits. If speed
limits have been exceeded, the manufacturer’s in-
struction manual should be consulted for appropriate
action.

234—2.34 Normal and Emergency Ratings. Normal
rating is the maximum permissible shaft horsepower
for which the engine is designed to operate continu-
ously. Some gas turbines have an emergency or inter-
mittent rating. If the turbine is operated at these rat-
ings, limitations and precautions specified in the tech-
nical manuals must be adhered to.

234—-2.35 Low—Power Operation. Gas turbine en-
gines are designed to achieve optimum fuel economy
(lowest specific fuel consumption rate) at their full—
power or cruise ratings. Below these levels, the engine
fuel consumption/horsepower produced increases
dramatically as the load is reduced. If two or more en-
gines are coupled to a single gear and it is possible to
declutch each engine, both engines should not be op-
erated simultaneously if one engine at its normal rat-
ing or less could support the load.

234-2.36 Insuch an instance, a single engine should
assume the load and the other engine should be
declutched and shut down. This will provide the best
operation and engine life because, in addition to im-
proving fuel economy, it can help prevent excessive
carbon buildup, resulting from low—power opera-
tion, in the combustion chambers.
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NOTE

Single —engine operation, of course, is sub-
ject to ship operational and safety consid-
erations that may dictate two—engine op-
eration.

234—2.37 Vibration Limits. Vibration meters, where
installed, must be monitored for signs of abnormal en-
gine operation. Abnormal operation is an indication
of engine malfunctioning and usually can be traced to
imbalance in the engine rotor system. Refer to manu-
facturers’ technical manuals for maximum vibration
limits and corrective actions.

234-2.38 If any vibration limit is exceeded, the en-
gine shall be immediately shut down and the cause in-
vestigated.

234—-2.39 Torque. Some engines are provided with a
torque computer. The computer calculates the torque
applied to the engine output shaft. This parameter is
monitored and compared to a torque limit point. If
the limit is exceeded, a signal varies the engine—
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mounted controls to reduce fuel flow to the engine.
Table 234 —5 summarizes normally limited gas turbine
parameters.

234—2.40 OVERRIDES. Certain gas turbine instal-
lations are equipped with a battle override device. Ac-
tivation of the battle override device will deactivate
some of the engine—mount limiting devices, such as
automatic torque limit and speed limiting governors.

234—2.41 Activation of the battle override should be
accomplished only at times when ship survivability is
in question. Following engine operation in the battle
override mode, the engine should be shut down, con-
ditions permitting, and a thorough maintenance
check performed.

NOTE

Personnel should specifically consult the
engine manufacturer’s operational manual
for the override limitations, and recom-
mended postoperational inspection for
each engine application in question.

Table 234—5. NORMALLY LIMITED GAS TURBINE PARAMETERS

Item Limit
Starter Maximum time limit for start cycle
Maximum time limit for gas generator motoring
Ignition Cycle Maximum time limit for activation
Starting Cycle
a. Light—off Maximum time limit to light—off after initiation of ignition and fuel

b. N Speed to idle

Maximum time limit following light—off for N# to reach idle rpm

Torque

Maximum steady state and transient torque

Power Rating

Maximum

Gas Generator Speed

Maximum N . rpm

Power Turbine Speed

Maximum N rpm

pt

Power Turbine Inlet

Temperature Maximum limit

Fuel System

Maximum and minimum temperature and pressure limits

Lubricating Oil System

Maximum and minimum temperature and pressure limits

Vibration

Maximum limit for gas generator and power turbine shafts

Compressor Discharge Pressure (P3)

Maximum limit
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SECTION 3 SUPPORT SYSTEMS

234-3.1 CONTROL AND INSTRUMENTATION

234—3.2 CONTROLS. Types of controls for gas tur-
bines vary from manual to fully automatic. Most con-
trols are designed to operate automatically but are
provided with manual overrides. Controls for gas tur-
bines are usually complex, and any adjustments to
them should not be made unless personnel are thor-
oughly knowledgeable about each control compo-
nent.

234-3.3 Gas turbine engines are equipped with
three controls as a minimum. They are:

1. Fuel control governing system (engine—

mounted)

2. Power turbine topping speed governor

3. Power turbine overspeed trip switch.
234—3.4 The additional optional controls may be
utilized in specific applications:

1. Automatic, remote start, stop, and power

control

2. Automatic, local start, stop, and power con-
trol

3. Manual, remote start, stop, and power con-
trol

4. Manual, local start, stop, and power control

5. Automatic and manual control of bleed air,
waterwash, and electrical systems.

234-3.5 INSTRUMENTATION. Gas turbines are
furnished with instrumentation necessary to provide
both operator and automatic controller devices with
necessary information:

1. Data to allow ship controls to monitor for
safe and proper operation

2. Indication of need to perform maintenance
procedures

3. Data for maintenance troubleshooting.

234-3.6 Instrumentation is provided for all gas tur-
bine installations. As an example, detailed typical in-
strumentation on the General Electric LM 2500 en-
gines installed in the DD 963 Class destroyers and
FFG—7 Class guided missile frigates is:

1. Pressure, compressor inlet, total (P2 )

2. Pressure, power turbine inlet, total (Ps. 4 )
3. Pressure, differential, fuel filter
4

Pressure, lube oil supply static (P1 ) and fuel
oil supply static (Pt )

5. Vibration, gas generator (Vgg)
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6. Vibration, power turbine (Vpt)
7. Speed, gas generator rotational (N¢)

8. Speed, power turbine rotational (Npt) (based
on two separate transducers)

9. Overspeed, power turbine
10. Overspeed, starter
11. Temperature, compressor inlet total (T2 )

12. Temperature, power turbine inlet total
(Ts. 4)

13. Temperature, L.O. scavenge (T+s) (four in-
dividual bearing sumps and one transfer gearbox
sump signal)

14. Position, power lever angle (PLA) at idle
(switch)

15. Position, PLA actuator

16. Test, torque computer passed

17. Horsepower, power turbine output

18. Torque, power turbine output

19. Overtorque, power turbine alarm

20. Fuel supply temperature and low alarm

21. LOSCA lube oil tank level alarms (high and
low)

22. Lube oil cooler outlet temperature and high
alarm

23. Cooling air outlet temperature
24. Fuel filter differential pressure high alarm

25. Lube oil scavenge filter differential pressure
and high alarm

26. Lube oil supply filter differential pressure
high alarm

27. Fire detector failure alarm

28. Power turbine tachometer loss alarm
29. Bleed air valve position

30. Module fire alarm

31. Cooling fan differential pressure (used for
cooling system failure alarm and associated auto-
matic shutdown)

32. Vent damper position
33. Cooling fan on/off

34. Starter air on/off

35. Igniter on/off

36. Fuel valves open/closed

37. Fuel purge valve open/closed
38. Compressor discharge pressure
39. Fuel manifold pressure
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40. Starter air temperature and high alarm

41. Module COp release alarm and inhibit indi-
cator.

234-3.7 FUEL OIL SYSTEM

WARNING

Never enter a gas turbine engine module to
perform maintenance on fuel oil system
components while the engine is in opera-
tion. Consult appropriate PMS documen-
tation for engine shutdown requirements
for fuel oil system maintenance actions.

234-3.8 FUEL SPECIFICATION. Specification for
Navy diesel and bunker fuel oils relative to their use
in gas turbines are detailed in paragraphs 234—-3.9
through 234-3.13.

CAUTION

Users are cautioned to consult manufactur-
er’s literature as to necessity to adjust fuel
control for fueol specific gravity when
switching from one type fuel to another.

234-3.9 Navy diesel fuel conforming to
MIL—-F-16884 (NATO Symbol F—76) or JP—5 fuel
conforming to MIL—T—5624 are suitable for use in
all types of marine gas turbines used in the United
States Navy. The free interchangeability of mixing or
using a JP—5 fuel and Navy diesel fuel in any ship-
board gas turbine is acceptable, although the applica-
ble manufacturer’s technical manual should be con-
sulted to insure that there are no restrictions on inter-

changeability.
CAUTION

There is one point of caution when switch-
ing to JP-5; this fuel has a tendency to
loosen scale from tank and piping if it is
present and initial running may produce a
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higher than normal accumulation of dirt in
the system strainers.

NOTE

NATO F-75 is a fuel similar to F—76.
F—75 has a lower pour point (—17.8°C,
0°F) and is used by navies operating in cold
climates (for example Norway, Denmark).
The product description for F—75 is Fuel,
Naval Distillate Lower Pour Point. The
U.S. does not have specification fuel stan-
dardization under NATO F-75, but F—75
is an acceptable substitute for F—76 for all
shipboard power plants. F—75 and F-76
are compatible and can be blended in all
proportions.

234-3.10 Diesel fuel referred to as ARCTIC
GRADE and other grades under VV—F—800 are not
recommended for use in naval shipboard gas turbines
because specifications allow a flashpoint below the
60°C (140°F) minimum and constitute a fire or explo-
sion hazard. The use of JP—5 fuel will usually increase
fuel consumption by approximately 2 percent on a
volume basis.

234-3.11 Bunker fuel oils such as Navy Special Fuel
Oil and Navy Fuel Oil Grade Heavy are not suitable
for use in gas turbines.

CAUTION

Diesel fuel oil and bunker fuel oils must not
be mixed and used as diesel fuel oil in gas
turbines.

234-3.12 When accidental fuel mixing or contami-
nation of fuel tanks occurs, all tanks, strainers, and
liners must be thoroughly cleaned and flushed with
clean fuel as soon as possible. As little as 10 ppm by
volume of Navy Special Fuel Oil mixed with diesel
fuel will completely destroy the effectiveness of coa-
lescent filter elements.
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234-3.13 When practical, diesel fuel oil received
should be sampled and tested by a competent labora-
tory to insure conformance with specification re-
quirements and to determine freedom from contami-
nation.

234-3.14 SYSTEM DESCRIPTION.
Figure 234—15 presents the fuel system of the LM
2500 engine, which is typical of an engine—mounted
integral liquid fuel system. Fuel from the ship supply
flows to the fuel pump boost element. From the boost
element, fuel passes through a barrier screen to the
pump high—pressure element. From the high—
pressure element, fuel passes through a pump-—
mounted filter to the fuel control. A filter bypass re-
lief valve allows fuel to bypass the filter if the filter be-
comes clogged.

21A
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234-3.15 Fuel system pumps are selected to meet
engine starting fuel flow requirements at minimum
cranking speeds, and have excess flow capacity at
higher speeds. In the engine operating range, excess
flow is recirculated by a metering unit (fuel valve and
limiter). The net fuel flow handled by the ship fuel
supply system is that consumed by the engine. The
recirculation line ports bypass fuel to the high—
pressure element inlet screen of the fuel pump.

234-3.16 For engines using separate start nozzles,
the engine main fuel shutoff valve diverts metered
fuel through a back pressure valve during the startup
sequence. The main fuel shutoff valve imposes pres-
sure resistance drop. Elevated pressure at the
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start nozzles insures light—off under cold starting
conditions.

234-3.17 An engine—mounted fuel bypass valve is
usually provided for redundancy to the safety shut-
down system but has the capability to circulate heated
fuel when required. The flow divider and dump valve
divert fuel to the primary manifold and nozzle pas-
sages for startup and low—power operation. This
dual —orifice fuel injection system keeps pump pres-
sures at reasonable levels while providing good atomi-
zation by means of the primary nozzle passages at low
engine power (idle range).

234-3.18 On shutdown, pump flow is diverted
through the engine main shutoff valve or (in case of
malfunction) the bypass valve to the recirculate con-
nection. With the cutoff of inlet flow to the flow di-
vider, the spring—loaded dump valve opens so the
fuel manifold and feedlines empty through the dump
line to the ship drain tank.

234-3.19 During engine shutdown or coastdown,
combustor air pressures drop to a point where the
combustor drain valves open to discharge any un-
burned fuel accumulation. A fuel drain tank for con-
taminants is supplied to the ship fuel system to collect
residual engine fuel on shutdown, and to handle
drainage from shaft seals of the high—pressure fuel
pump.

234-3.20 FUEL CONTAMINATION. Freedom
from fuel contamination is obtained by use of various
combinations of centrifuges, settling tanks, strainers,
and filters in the engine fuel system. Instructions re-
garding the cleaning or replacement of elements de-
pend on the installation and may vary with different
localities.

234-3.21 Close observance of filters and strainers
will assist in determining replacement or cleaning
schedule. Increased pressure drop across the filter or
strainer is the primary criteria for replacement.

234—3.22 The majority of operating difficulties in
use of gas turbine fuel have been due to contamina-
tion within the ship service and holding tank by:
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Rust and scale
Freshwater and seawater

Oil soluble soaps
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Microbe growth.

234—-3.23 Rust and Scale. The presence of rust and
scale in diesel fuel usually can be detected by visual
observation. To check for sediment, take a sample of
fuel from the engine feed or head tank in a clear glass
bottle or beaker and swirl it so a vortex is formed. All
sediment that has settled will accumulate on the bot-
tom of the bottle directly beneath the vortex.

NOTE

At most, the total sediment should be only a
point or spot of silt. In a quart bottle, the
sediment should be no more than a slight
smudge if picked up on a finger tip.

234—3.24 Water. Water in diesel fuel will be evident
by the cloudy appearance of the fuel or by the actual
separation of the water from the oil during storage.

NOTE

Occasionally, when a clean and bright fuel
cools, a light cloud may form. The cloud in-
dicates that there was a small amount of
freshwater dissolved in the fuel and that the
water had precipitated out in cooling. Even
this small amount of water is not desirable
because it is an indication of contaminated
fuel.

234—3.25 Water—contaminated fuel must be recir-
culated through a filter—coalescent to remove the
water. At present two devices, discussed in para-
graphs 234—3.26 and 234—3.27, are available to the
fleet for detecting contaminated fuel.
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234-3.26 The A.E.L. MK I Free Water in Fuel De-
tector, NSN 7850—00—000—2786, measures trace
quantities of undissolved water in aviation fuels.

234-3.27 The A.LE.L. MK III Contaminated Fuel
Detector, NSN 6630—00—706—2302, detects and
measures small quantities of solid contaminants dis-
persed in fuels.

234-3.28 If the water detector is not available, a
Water Indicating Paste, NSN
9G—6850—00—-243—8515, described in chapter 541,
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Petrolenm Fuel Stowage, Use, and Testing, can be
used to detect free water. The Water Indicating Paste
can be used on sounding rods to show the presence
and depth of water in tanks.

NOTE

Use of Water Indication Paste is not a reli-
able or accurate method of detecting water
contamination and should not be used if
other methods are available.
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234-3.29 Oil—Soluble Soaps. The presence of oil—
soluble soaps can be detected by a laboratory ash
analysis, or, in the field, by mixing water with some of
the oil. If the oil emulsifies, then soap is present.

234-3.30 Microbe Growth. Microbe growth in fuel
usually can be seen with the naked eye or with the aid
of a microscope. Microbe growth has the physical ap-
pearance of minute gelatinous substances. This
growth has a tendency to combine with other fuel im-
purities and form a large gelatinous mass. This jelly—
like substance then clogs filters, strainers, and intri-
cate parts of both the ship and engine fuel systems.

234-3.31 The presence of seawater in the fuel
greatly increases the possibility of microbe growth.
Ships having water—compensated fuel oil service
tanks are usually equipped with a means for injecting
a biocide into the fuel. Refer to appropriate ship in-
formation book for applicability to the ship.

234-3.32 FUEL OIL SAMPLING. Samples of fuel
oil should be taken at definite intervals to determine
whether the fuel meets all requirements. The sam-
pling procedure is important because improper sam-
pling procedures can cause erroneous analyses.

234-3.33 For sampling, use a round, clear, glass bot-
tle or laboratory beaker from 1/4 liter to 1 liter in size.
The bottle should be as clean as possible. Rinse the
bottle with fuel being sampled before filling the bottle
to insure that a representative fuel sample will be ob-
tained.

234-3.34 Two samples should be taken; one sample
should be taken at the main fuel tank outlet and one
sample should be taken just prior to entering the en-
gine fuel system.

234-3.35 The sample bottles should be capped im-
mediately and taken to a recognized fuel analysis
laboratory. Fuel which does not meet requirements
should be rejected.

234-3.36 FUEL OIL STRAINERS. Fuel oil strain-
ers are made in both duplex and simplex types. Some
strainers have devices for manually rotating the ele-
ments against a metallic scraper to remove material
caught by the element.

CAUTION

Never use a wire brush for cleaning strainer
elements unless authorized by manufac-
turer.
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234-3.37 Care must be exercised in cleaning strain-
er elements. Strainer elements should be soaked in an
appropriate solvent, such as diesel fuel or JP—5, then
wiped with a soft lint—free cloth or brush.

234—3.38 Duplex Strainer. A duplex strainer is es-
sentially two elements built into one assembly which
has a manual valve for redirecting the flow of fuel
through either one of the elements or both. In some
applications one strainer may be cleaned while the
engine is running, by directing all the flow through the
remaining strainer.

234-3.39 Simplex Strainer. The simplex strainer is
similar to the duplex type strainer. The engine must
be shut down when the simplex strainer element is re-
moved, unless a means of bypassing the oil around the
strainer has been provided. If a bypass has been pro-
vided, normal procedure should still be to clean or re-
move the strainer only when the engine is shut down,
because fuel bypassing the strainer will be unfiltered.

234-3.40 FUEL OIL FILTERS. Fuel oil filters ap-
proved for Navy use usually consist of replaceable,
throwaway elements. In certain engines filters are of
the non—throw—away type which are usually cleaned
with a clean diesel fuel, wiped with a clean, lint—free
cloth, and blown dry with compressed air.

234-3.41 Fuel filters are of adequate size to take
pumped fuel flow. Sharp increases in the pressure
drop across the fuel filter are indicative of filter clog-
ging and will result in a reduction in engine perform-
ance.

NOTE

Fuel filters are to be changed whenever the
pressure drop is excessive. Consult the
technical manuals for the proper proce-
dure to use in replacing the filter.

234-3.42 Centrifugal purifiers are also used to in-
sure clear fuel. Centrifugal purifiers use centrifugal
force to separate water and dirt from the liquid.

234—3.43 The main advantage of centrifugal purifi-
ers is removing water and dirt from the fuel oil. Water
removed is discharged continuously from a



Digital Database

drain while dirt and sediment must be removed by
physically cleaning the purifier bowl.

234—-3.44 LUBRICATING OIL SYSTEM

WARNING

Never enter a gas turbine module to per-
form maintenance on lubricating oil system
components while the engine is in opera-
tion. Consult appropriate PMS documen-
tation for engine shutdown requirements
for lubricating oil system maintenance ac-
tions.

234-3.45 GENERAL. All gas turbine engines are
equipped with a self—contained engine lubrication
system. Figure 234—16 is representative of such sys-
tems, although variations exist between different en-

gines.
WARNING

Lube oil may cause dermatitis after pro-
longed contact. Wear rubber gloves, apron,
and faceshield. If contact occurs, wash skin
thoroughly; if clothing becomes saturated,
remove immediately.

CAUTION

Never use a petroleum based oil such as
2190 TEP in a gas turbine engine.

234—3.46 OIL SPECIFICATIONS. The type of oil
used shall conform to MIL—L—-23699.

234-3.47 SYSTEM FEATURES. The lubricating oil
system features, which include the sump, oil cooling
system, venting, filters, strainers, criteria for changing
oil, and inspection procedures, are discussed in para-
graphs 234—3.48 through 234—3.67.
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234-3.48 Oil Sump. Most gas turbine engines have
a self—contained lube oil sump. If additional oil ca-
pacity is required, a separately mounted tank may be
supplied. The standard engine sump dipstick and
float switch, on opposite sides of the engine, can usu-
ally be interchanged in position to ease engine servic-
ing.

NOTE

The float switch is electrically connected to
the engine control console to indicate when
the oil level drops to a minimum normal op-
erating level.

234-3.49 Some installations, such as those on high—
speed, highly maneuverable ships, exhibit motions re-
sulting in engine attitudes and movement which will
cause considerable sloshing of the oil in the sump. At
low oil levels this may result in momentary low—level
indications, and less than optimum inlet conditions,
with possible low—pressure nuisance shutdowns.

234-3.50 For most applications, an adjustable
time —delay circuit within the electrical system, which
inhibits shutdowns from short duration low—pressure
conditions, is optionally available. For these applica-
tions, users are required to keep the oil sump at the
full level. For extreme applications, baffles in the
sump and on the oil level indicator will be installed to
prevent such occurrences.

234-3.51 Oil Cooling System. Gas turbine oil may
be cooled by water, air, fuel, or oil.

234-3.52 Marine gas turbines may utilize water—
cooled lubricating oil. In such applications engine oil
is at a higher pressure than the water. In the event of
aleak in the system, water will not leak into the oil sys-
tem and cause corrosion.

234-3.53 On some gas turbines, oil is cooled by air
passing over the oil sump or by an oil—to—air heat ex-
changer.

25



Digital Database

234-3.54 Regenerative (fuel—cooling lubrication
oil) cooling can be employed on gas turbines where
the cooling requirements are relatively low. In some
cases, this method of cooling may be supplemented by
other cooling methods.

234—3.55 The majority of marine gas turbine instal-
lations use an oil—to—oil cooling system where en-
gine oil is cooled by the main reduction gear oil. In
these installations engine oil pressure should be
maintained at a higher pressure than the cooling oil
so that, in the event of a leak in the system, cooling oil
will not leak into the engine oil system. The major ad-
vantage of this type of oil cooling system is the de-
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creased possibility of the engine lube oil becoming
contaminated by seawater.

234—-3.56 Venting. To prevent excessive oil loss from
venting oil vapor overboard, bearing sumps are usu-
ally vented to an air—to—oil separator. The sump air
is vented to the exhaust after passing through the
separator, and the oil is returned to the main sump.

234—3.57 Lubricating Oil Filters. Last chance filters
are integrally located prior to each critical feed point.
A main lube filter assembly, usually composed of a
coarse filter followed by a fine filter, is supplied with
each engine. For a continuous duty engine use, a valve
should be provided for external
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bypassing of the remotely located fine filter to permit
filter element changes without shutting down the en-
gine.

234-3.58 The coarse filter is usually mounted in the
lube oil system, remote from the engine, and may
have no bypass. To prevent continued use of unfil-
tered oil, routed through the bypass to the engine
when the filters are clogged, most filters and strainers
have differential pressure gages to assist the operator
in determining when elements require changing, and
alarms to warn operators of bypassing flow.

234-3.59 Lubricating Oil Strainers. Lubricating oil
strainers are of the same type as fuel oil strainers, al-
though they are usually of larger mesh.

234-3.60 Lubricating oil strainers usually contain a
built—in pressure relief valve of a size sufficient to by-
pass all the oil around the strainer in the event of clog-
ging so an uninterrupted oil flow to the engine will be
maintained. The bypass line should be connected to
an audible alarm to inform engine operators that
strainers are clogged.

CAUTION

Never use a wire brush for cleaning strainer
elements.

234-3.61 In duplex strainers, the element being by-
passed can be removed and cleaned without disturb-
ing the flow.

234-3.62 Care must be exercised in cleaning strain-
er elements. The elements should be soaked in an ap-
proved solvent, such as clean diesel fuel or JP—5, then
wiped with a soft, lint—free cloth or brush.

234-3.63 Changing Oil. Refer to the technical
manuals for recommended oil change intervals. The
oil should be changed if it is dirty, has water in it, or
contains foreign particles. If the oil is contaminated,
the entire lubricating oil system should be examined
to determine the cause.
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NOTE

By examining the lubricating oil and cor-
recting the cause of contamination, a seri-
ous engine failure may be prevented.

234-3.64 Inspection. In addition to normal inspec-
tion intervals specified by the engine technical manu-
als, if the engine has stopped for a period of 5 days or
more, the oil should be inspected to determine if it is
free from foreign particles and water.

234-3.65 The presence of water in the lubricating oil
usually can be detected by the cloudy appearance
when a sample of the oil is shaken in a small bottle and
visually inspected near a light source. In the same
manner, foreign particles in the oil can be detected by
the appearance of suspended particles or other adul-
terations. For a detailed analysis, the sample should
be sent to a designated laboratory.

WARNING

Methanol is irritating to the skin, respira-
tory tract, and eyes. It is moderately toxic
by skin absorption and highly toxic to the
central nervous system and optic nerve by
ingestion. The fire hazards are severe and
vapors must not be permitted to accumu-
late in the area where methanol is used.
Storage should be maintained in the plant
and flammable liquids storeroom away
from oxidizing materials.

234-3.66 Contamination of engine oil is not limited
to water and dirt. Because of the configuration of
some systems, mineral oil (2190 TEP) contamination
of engine oil is also possible. The test for mineral oil
contamination is:

1. Hold oil sample near light and visually in-
spect; oil should be transparent, uniform in ap-
pearance, and free
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of cloudiness, suspended matter, and sediment.

2. Mix one part of oil sample with three parts of
absolute methanol.

3. Shake vigorously; oil contaminated with min-
eral oil will appear cloudy.

234-3.67 If the oil is found to be contaminated, the
cause must be determined and corrected. The oil sys-
tem must be thoroughly flushed prior to adding new
oil.

234-3.68 STARTER SYSTEM

234—-3.69 The gas turbine starter system includes
four types of starters. They are:

27A
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Pneumatic starter
Hydraulic starter

Electrohydraulic starter

Eal o L

Electric starter.

234—3.70 The features of the four types of starters
are discussed in paragraphs 234—3.71 through
234-3.77.

234-3.71 PNEUMATIC STARTER. Most free tur-
bine gas turbine engines are supplied with pneumatic
starters, vane—motor—powered, and operated by
shipboard compressed air or compressor bleed air ex-
tracted from another operating engine. The engage-
ment mechanism is a face —jaw which is
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pre—engaged by a pneumatic piston. The starter pilot
solenoid valve is located within the engine controls
enclosure.

234-3.72 A typical pneumatic starting system sche-
matic, including required filters, lubricator line size,
and valving, is shown in Figure 234—17. For flow and
pressure requirements consult applicable engine
manufacturer manuals.

234-3.73 HYDRAULIC STARTER. Some turbine
engines are supplied with a fixed displacement pis-
ton—type hydraulic starter, operable with
MIL-L~-5606 hydraulic fluid. The engagement
mechanism is usually a sprag—type over—running
clutch within the engine’s accessory gearbox.

234-3.74 ELECTROHYDRAULIC STARTER. Un-
like the hydraulic starter which engages an overrun-
ning clutch, the electrohydraulic type uses an integral
24—VDC solenoid to operate a sliding spline engage-
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ment mechanism. This, in turn, energizes a slow—op-
erating hydraulic pilot solenoid valve. The starter
drive train is thus protected from excessive hydraulic
surge pressures during cranking initiation.

234-3.75 Figure 234—18 is the schematic for a typi-
cal electrohydraulic starter system.

234-3.76 ELECTRIC STARTER. Several smaller
gas turbines, predominantly auxiliary power units,
use a 24—volt electric starter system. These applica-
tions are limited due to the size of the motor required
for the starter and the requirement for a 24 —volt bat-

tery.

234-3.77 Figure 234—19 is the schematic for a typi-
cal electric starter system.

234-3.78 INLET AIR SYSTEM

234-3.79 GENERAL. The design and maintenance
of the air inlet system is one of the most criti—
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Figure 234—17. Schematic of Typical Pneumatic Starting System

(27B blank)/28



Digital Database S9086—HC—-STM—-000/CH—-234 Complete thru Change 3

VOLUME FOR
GAGE AND  ENERGY STORAGE
CHARGING {AS REQUIRED)
VALVE HIGH PRESSURE
NITROGEN

PISTON
ACCUMULATOR(S!}
(AS REQUIRED!

HIGH PRESSURE
PUMP CONTROL
SWITCH

4 r--1 THERMAL

CHECK ' RELIEF VALVE

VALVE

. G

|

Y

-

——

HIGH

PRESSURE &~—— __J 1 I ¥ l
FILTER \/\/\[;}__
NLOADING

U
| RELIEF
SLOW-OPENING
Y SHUTOFF
‘ SOLENOID VALVE
. Wy BB
3000 Ib/in
umMpP
DRIVE Pj

PRESSURE SURGE
SUCTION ACCUMULATOR

FILTER<> {10 in~)
I CASE DRAIN
m 1 (IF REQUIRED}

UNPRESSURIZED
RETURN

|

Figure 234—18. Schematic of Typical Electro—Hydraulic Starting System

29



Digital Database S9086—HC—-STM—-000/CH—-234 Complete thru Change 3

STARTER SOLENOID/SWITCH

MOTOR l ({TERV

-
0 -
o 2
[») a
X
W
3 Sw
STARTER
ﬂ Jsw —:—@0 T
@o‘}g/ ( ] K cB
S | START
ﬁ(/ f ;> I | O/ \C h BATTERY
% /
{5 -
4)2:\ CR CONTROL —
| BATTERY
| 7 . A
il
N /4
Wz \N N\
DC POWER
e - — —— AND
ELECTRONIC CONTROL CHARGER

BOX

UNDERSIZED
CABLE LENGTH

| {
o~

L- ] }- ‘,__.___._.l
|
|

OPTIONAL SHUNTING CONTACTOR
FOR MAXIMUM (ROLLING)
STARTER INPUT POWER

Figure 234—19. Soft—Start (Current—Limiting) Arrangement for Battery Power Systems

cal areas of gas turbine engine installation. A wide 9. Multiengine interaction
range of parameters must be taken into considera-
tion, including: 10. Overall system interaction.
1. Pressure losses ) . . .
234—3.80 Under high vibration or shock conditions,
2. Flow distortions particular attention should be paid to duct fasteners
3. Mechanical integrity (rivets, bolts, screw heads) and other ducting
mounted components, so they do not fail and sepa-
4. Aecroelastic response rate from their supporting structure. Loose objects
. . within the ducting can be extremely hazardous if in-
5. Noise attenuation :
gested by the engine.
6. Foreign object protection
o 234-3.81 SYSTEM CHARACTERISTICS. Charac-
7. Sand and dust filtration . . . . L
teristics of the inlet air system — intake location, inlet
8. Salt separation airflow distortion, multiengine installa—

30



Digital Database

tions, and salt separation are discussed in paragraphs
234-3.82 through 234-3.97.

234—3.82 Intake Location. The entrance to the in-
take duct is located so that exhaust gases are not recir-
culated into the intake. Intake openings are located
in areas of minimum dust concentrations, away from
the exhaust stacks and air—cleaner dirt outlets, and
are oriented to minimize ingestion of sea spray. Lou-
vers, water separators, and salt separators are usually
provided to minimize entry of large water droplets
and limit the salt concentration at the engine inlet
plane to less than 0.1 ppm by weight.

234-3.83 In general, the opening of a typical intake
consists of a large mesh —5.75 cm (1/4—inch) inlet
screen and some simple louver system.

234—-3.84 Certain types of inlet configurations which
have louvers, splitter plates, chevrons, and filters may
be prone to accumulations of ice. When such likeli-
hood exists, provision is made for the detection; that
is, indication of increase in pressure drop across the
intake system, or heating devices to prevent such con-
ditions.

234—-3.85 Access usually is provided to the intake
systems for inspection and cleaning. Access doors to
the intake system are installed to open outward so the
negative pressure in the intake system will prevent
them from being opened, either accidentally or by
personnel, while the engine is running. Interlocks or
alarms may be provided to prevent starting the engine
or to warn the operator that an access door is open.

234—-3.86 Expansion joints are used at the intake
connection of the gas turbine engine. The purpose of
expansion joints is to reduce the forces and moments
which are exerted on the engine by the intake plenum
and exhaust ducting due to the relative motions.
These joints must be kept in good condition to insure
integrity of the inlet system and to protect the engine
from external shocks and vibrations.

234—3.87 Inlet Airflow Distortions. The aerody-
namic environment at the engine inlet plane may dif-
fer greatly from the test cell surroundings where the
engine was evaluated during development. The inlet
for each installation is designed to provide for satis-
factory flow conditions to the engine over the full
planned operational envelope. Pressure loss and inlet
pressure distortion are minimized to prevent per-
formance loss or operational problems.
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234—3.88 Multiengine Installations. When
bellmouth intakes are used, a separating wall is usu-
ally installed between engines to prevent aerody-
namic interaction. Unless there are overriding con-
siderations in a particular application for the use of
combined intake ducts for multiengine installations,
ducts should be kept separate for each engine.

234-3.89 To combine intakes on adjacent engines,
dampers should be provided to shut off an idle en-
gine’s intake. Combined intakes are avoided, where
possible, because the dampers present a serious haz-
ard. Inadvertent closure of one damper while its en-
gine is operating can damage the duct, cause the en-
gine to surge and possibly damage the engine.

234—3.90 Salt Separation. Ingestion of water drop-
lets containing salt can be hazardous to engine opera-
tion both from the effects of corrosion and from aero-
dynamic disturbance.

234-3.91 Sulfidation (also called hot corrosion) of
turbine components is caused by condensation on and
subsequent attack of turbine alloys by sodium sulfate
(Nap SOg4 ). It is apparent that if the amount of so-
dium or sulphur reaching the combustion chamber
can be reduced, the potential Nay SO4 formation and
corrosion is likewise reduced. The extent of corrosion
that would occur directly depends on the amount of
ingested salt. There is evidence to show that fuels with
large sulphur contents, in the absence of salt, do not
cause sulfidation attack. The use of filtration equip-
ment to reduce the salt content of the ingested air
near seawater sources is feasible and has been shown
to be beneficial.

234-3.92 To minimize the effects of corrosion, no
magnesium is used in the engines, aluminum is ano-
dized, and stainless steel, titanium, or specially devel-
oped alloys are used throughout gas turbines. To fur-
ther impede the corrosion characteristics of the envi-
ronment, many gas turbine manufacturers use corro-
sion—resistant coatings on the first few compressor
blade and vane rows.

234-3.93 If an excessive amount of salt is permitted
to enter and remain in the engine, a buildup of solid
particles on compressor blading will gradually reduce
the efficiency of the compressor, cause a loss in
power, and finally lead to compressor surge. A maxi-
mum limit of 0.1 ppm by weight of salt to air is re-
quired by most manufacturers. Special instructions
for washing techniques and frequency are
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given in most manufacturers’ operation and mainte-
nance manuals.

234-3.94 To inhibit the ingestion of seawater parti-
cles, inertial or knit mesh demister units are typically
used in air intakes. The demisters are placed in the in-
let ducting and sized so airflow velocity is low enough
to avoid blowing the water droplets through.

234-3.95 Figure 234—20 and Figure 234-21 illus-
trate typical demister pad composition and installa-
tion. The mesh type separator operates on the princi-
ple of adhesion and d coalescence. The inlet air passes
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through the mesh; the seawater particles adhere to
the mesh, form larger drops, and drain out.

234—-3.96 The knit mesh elements are available in a
range of thickness from about 1.25 cm (1/2—inch) to
30 cm (12 inches) and are sized to suit the application.
The elements are set into metal frames for structural
rigidity, each frame forming a separate removable
panel. The mesh elements are available in a number
of different materials, including stainless steel,
Monel, Inconel, aluminum, copper, and

polypropylene.

AIR FLOW

FINAL CONFIGURATION

Figure 234—20. Typical Mesh Construction

DEMISTERS
\ AIR IN
T I TITR
HIGH HAT INLET \\2\3 IR
\2 _‘1 's‘_____-‘ LOUVERS
BLOW-IN DOORS ————f T L 04 LEVEL
- . 03 LEVEL

Figure 234—21. Demister Installation in Inlet Duct
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234-3.97 The most practical method of cleaning salt
deposits from the mesh type elements is by immersion
in water (see paragraphs 234—5.50 through 234—5.62
for typical inlet filter maintenance actions).

234-3.98 INLET AIR SYSTEM COMPONENTS.
Components of the inlet air system, comprised of in-
let ducting and filters, blow—in doors, inlet screens,

and maintenance are described in paragraphs
234-3.99 through 234-3.111.

234-3.99 Inlet Ducting. Ducting from atmosphere
to the engine inlet is common practice on gas turbine
applications. The disadvantages are large space occu-
pied by ducting in the engine room, loss of mainte-
nance space occupied by ducting, loss of maintenance
space around the engine, and the absolute necessity
for filters (and demisters) because large plenums are
not available to allow long dwell times and subsequent
fallout of solid particles.

234-3.100 Ducting can be acoustically treated
throughout its length in any of several fashions with
generally better results than the engine—mounted si-
lencers. Acoustic treating reduces or eliminates the
need for engine room silencing equipment for high—
frequency, inlet—generated noise.

234-3.101 Silencing can be effected with standard
acoustical duct liners of commercial grade from lead
vinyl, woven metal, or commercial matting. In all
cases, care must be taken to prevent liner collapse and
subsequent inlet blockage.

234-3.102 Regardless of how well the inlet duct is
designed, maintenance will be required to provide re-
liable engine operation. Any dirt, debris, nuts, bolts,
or tools which are left in the duct could be ingested by
the engine and cause a failure.

234-3.103 Most duct maintenance is for the pur-
pose of keeping the inlet duct clean. Duct mainte-
nance is identified in the PMS and primarily consists
of periodic inspection and cleaning. In addition, spe-
cial inspection and cleaning requirements are im-
posed after an engine change —out or any work in the
inlet.

234-3.104 Inlet Filters. Demister separators are de-
signed to handle aerosol spray of very light concentra-
tion. When heavy concentrations are encountered, a
substantial carryover of relatively large droplets in the
intake air results. In this case the use of an inertial fil-
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ter to separate the relatively large droplets, followed
by another demister stage, is quite often seen.

234-3.105 In installations where large quantities of
spray of relatively large particles size are typically en-
countered, an inertial filter first stage to remove the
large particles, followed by demisting stages, is com-
mon.

234-3.106 Operating in an icing environment may
result in a rapid blockage of the demisting filter and
require a bypass airflow circuit if such blockage
should occur. This alternative can be classed only as
an emergency operating configuration since it elimi-
nates the inlet protection features. If operation in an
icing environment is anticipated, a thermal antiiced
separating system is usually installed.

234-3.107 Blow—In Doors. When inlet ducting is
protected by blow—in doors, the door actuators will
be scheduled to trigger open at or below the duct loss
limits specified in the applicable manufacturer’s
specifications.

234—3.108 The doors should be large enough to ac-
commodate the specification flow rate without ex-
ceeding the maximum permitted duct pressure loss.
Also, they should be located so the opening is clear
and the intake airflow will be free of oil, smoke, dirt,
and debris.

234-3.109 The flow field distribution at the engine
inlet with the doors open must satisfy the engine inlet
distortion criteria. Doors should be kept clear of ob-
struction and maintained in a totally operative condi-
tion.

234-3.110 Inlet Screens. To prevent foreign matter
from entering the engine, some applications are
equipped with an inlet screen directly in front of the
bellmouth inlet. The inlet screen insures that dirt col-
lected on the plenum floor or deck, material falling
away from any part of the inlet plenum, and screws,
bolts and other fastenings installed in the inlet
plenum, do not pass through the engine.

234—3.111 The inlet screen should be a wire mesh
screen, No. 3 mesh, 0.118 —cm (0.047—inch) diameter
wire or equivalent. A standard small turbine screen,
illustrated in Figure 234—22, depicts a configuration
which contains integral compressor waterwash, sol-
vent, and preservative injection nozzles, as well as the
protective screen.
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234-3.112 EXHAUST SYSTEM. Exhaust ducting is
required to remove hot exhaust gases from the en-
gine. Exhaust gases range from 425°C to 535°C
(800°F to 1000°F).

234—3.113 There are various methods of ducting ex-
haust gases out of the machinery spaces. Ducts may be
cooled or lagged, straight section or right angle, or
pass directly to ambient air or through waste heat
boilers.

234-3.114 Figure 234—23 illustrates two exhaust
configurations.

234-3.115 Exhaust ducts are equipped with expan-
sion joints to compensate for engine and exhaust duct
thermal expansion. Ducts are also fitted with drains
to remove water collecting in the duct during ex-
tended periods of engine shutdown.

234-3.116 Exhaust duct cooling can be accom-
plished by a number of methods. One frequently used
is that of eduction, which uses the high velocity of ex-
haust gases to draw cooling air through the annulus of
a double—walled stack and then into the exhaust
stream. This method of duct cooling is frequently

[ — 652" —»
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more desirable than auxiliary blowers or refactory
materials.

234-3.117 Care must be exercised to select proper
cooling air entry locations to avoid spot stagnation
with its resultant hot skin areas. Improperly designed
eductors can cause excessive exhaust losses. Engine
manufacturers should be consulted on exhaust de-
signs.

234-3.118 COOLING AIR

234-3.119 All gas turbine engines and their accesso-
ries are rated for operation in ambients up to 54.4°C
(130°F). While experience has shown some compo-
nents can operate satisfactorily at temperatures con-
siderably higher, 54.4°C (130°F) is considered the
practical limit to attain long component life.

234—3.120 Temperature—sensitive components are
normally mounted on the compressor (which is the
coolest part of the engine) or are off—engine—
mounted. Engine instruments are of commercial
quality and their accuracy is affected slightly at both
temperature extremes of the engine specification rat-
ing. The errors are small and generally of no conse-
quence.

N “\ i

WATER
WASH PORT

N 20.62"

U™ u/ '

SQUARE MESH
SCREEN (NO. 3
MESH)

L~ 0.047-INCH
DIAMETER
WIRE

Figure 234—22. Inlet Fairing and Screen
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RIGHT-ANGLE EXHAUST ELBOW

EXHAUST BEND ASSEMBLY

Figure 234—23. Typical Exhaust Assemblies
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NOTE

Improved accuracy can be required for spe-
cial applications in which the instruments
are exposed to temperature extremes.

234—3.121 Depending on the installation, compart-
ment cooling may be required to maintain engine
components and other engine—compartment com-
ponents within limits and to provide personnel com-
fort. Using partial exhaust gas energy to draw cooling
air into the comparment by eduction has been accom-
plished with success, although loss on the engine and,
alone, does not provide for compartment cooling af-
ter the engine is shut down.

234-3.122 If engine heat dissipation by natural con-
vection and radiation is inadequate, auxiliary cooling
may be required for a short period after engine shut-
down.

VENTILATION AIR

!

INTAKE AIR

BARRIER
INTAKE AIR WALL

FLEX JOINT
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234-3.123 In many gas turbine applications, such as
the DD 963 Class and the FFG—7 Class ships, tur-
bines are enclosed in separate structural containers or
modules. Each module is fitted with a ventilation air
system, with the module serving as the ventilation air-
flow path.

234-3.124 Figure 234—24 illustrates the DD 963
module with the ventilation air connection. Cooling
air exits from the module around the gas turbine ex-
haust duct through a secondary opening.

234-3.125 Typical surface temperature and heat re-
jection rates are illustrated in Figure 234—25.

234-3.126 FIRE PROTECTION

234-3.127 GENERAL. Arrangement of fire detec-
tors and extinguishers is governed by the installation.
The mounting of the engine within an enclosed mod-
ule will impede the spread of fire to the surrounding
engine spaces. Fire detection and extinguishing de-
vices also will be mounted within the enclosures.

EXHAUST AIR

EXHAUST ]
DUCT =&

EXHAUST AIR
FLEX JOINT

Figure 234—25. DD 963 Engine Enclosure With Ventilation Air Connection
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COMPARTMENT COOLING VELOCITY = 152.4 to 304.8 cm/sac (5 to 10 ft/sec)
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Figure 234—24. TF 25/35/40 and TC 35 Surface Temperature and Heat Rejection
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234-3.128 In most applications, a fire shield is inter-
posed between the liquid manifold and the exhaust
diffuser. The fire shield isolates the manifold from
the hot sheet metal of the exhaust duct in the event of
leakage. The potential hazard of auto—ignition from
combustible fluids leaking onto combustor housing
surfaces also can be reduced by proper use of the posi-
tive ventilation system usually installed in gas turbine

application.
WARNING

Insure that all personnel are removed from
the engine spaces prior to dumping a
Freon, Halon, or COg, fire suppression sys-
tem.

234-3.129 EXTINGUISHING AGENTS. Any fire
extinguishing agent that does not leave an excessive
residue can be used with a gas turbine engine. Current
applications use Halon, AFFE Freon, and COy . If
Freon, CO2 , or similar systems are used, and engine
inlets are not ducted from outside the engine room,
the engines must be shut down before dumping the
agent in the engine room.

NOTE

If engines are not shut down prior to use of
an extinguishing agent, the engine will in-
hale the agent and expel it from the engine
room as fast as the agent can be fed to the
fire.

234-3.130 A simple system includes a fire detection
signal which causes engine shutdown and then auto-
matically delays admitting the agent for approxi-
mately 20 seconds.

234-3.131 DETECTION. Fire detection is conven-
iently achieved by using resetting thermostats with
open contacts and ultraviolet flame detection. The
heat of the fire activates the detector, which com-
pletes an electrical circuit allowing the control to actu-
ate the extinguishing system. The nominal setting of
the detectors provides sufficient margin to prevent

false actuations.
CAUTION

Improper installation or maintenance of
the engine or exhaust collector can result in
permanent damage to both the engine and
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individual components of the drive train,
leading to a complete system failure.

234-3.132 EXHAUST DATA. If ventilation exhaust
dampers are supplied, they shall be closed upon extin-
guisher actuation. If a system providing operator
warning and manual extinguisher activation is se-
lected, the operator shall first shut down the engine,
then release the agent. In a ventilated enclosure, the
fans and vents shall be closed before activating the
equipment.

234-3.133 COMPARTMENT AND MODULE
DRAINAGE. A general engine—compartment or
module drain shall be provided to remove any fuel
spillage which may result from accidents or defective
seals or joints. Venting of the drain system is manda-
tory to prevent pressurizing the system from the com-
bustor drain valve. The vent should be directed to a
suitable area away from the engine installation.

234-3.134 Flame traps in the drain ducting are re-
quired to prevent an engine compartment fire from
spreading to the fuel in the drain system.

234-3.135 MOUNTING SYSTEM

234-3.136 FOUNDATIONS. When designing foun-
dations to accept the engine, the shipbuilder consid-
ers a number of factors to insure proper system instal-
lation. Marine installations, in particular, require at-
tention to the special conditions imposed by ship mo-
tion.

234—3.137 General considerations for the installa-
tion and maintenance of mounting system, which are
discussed in paragraphs 234—3.138 through
234—-3.143, include:

1. Access
2. Vibration
3. Noise.

234—-3.138 Access. Engine foundations and subbases
must be installed and maintained to provide access
for engine installation, maintenance, and removal.
Manufacturer engine installation drawings provide
details of recommended mounting techniques, lifting
points, component withdrawal space, and oil sump
drain requirements.

234—3.139 Vibration. Foundation systems are de-
signed to account for the following forcing frequen-
cies:

1. Drive shaft frequencies (lateral and longitu-
dinal)



Digital Database

2. Propeller blade passing frequencies

3. Dominant frequencies of adjacent equip-
ment, etc.

234—3.140 These forcing frequencies present a ma-
jor problem in marine application since each covers
an entire spectrum of modes which must be accounted
for.

234—3.141 Current marine gas turbine mounting
systems provide a foundation with a sufficiently high
natural frequency so that, if a resonance occurs, it will
have a higher harmonic than the forcing excitation
frequency. The input energy will then be relatively
low and the amplitudes correspondingly small. In ad-
dition, it may be necessary to provide a resilient isola-
tion mounting arrangement when strong vibratory ex-
citation or shock loading may exist.

234-3.142 Noise. A second function of the mounting
system is to isolate engine generated noises from the
structure. In general, isolation of the entire engine
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load device and foundation is accomplished rather
than isolating only the engine.

234-3.143 Materials used to isolate case—transmit-
ted engine noise from external structure have been
selected with care, taking into account such factors as
cold flow, resilience characteristics to maintain shaft
alinement, and ability of the materials to maintain en-
gine flange loads within specified limits. Mounting
systems shall be maintained in a high state of repair.
Substitution of materials shall not be done without
prior approval by NAVSEA.

234-3.144 SYSTEMS MODIFICATIONS. Mount-
ing systems are specifically designed to account for
the thermal expansion, induced motion loads, and ac-
celeration or gyroscopic loads that will be experi-
enced by the engine in each specific application.
Mounting system configurations shall not be modi-
fied without the express written approval of NAV-
SEA.
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SECTION 4 MAINTENANCE AND CONFIGURATION MANAGEMENT

234—4.1 MAINTENANCE LEVEL IDENTIFICA-
TION

234—4.2 GENERAL. Most gas turbine engines and
associated equipments are maintained using an on—
condition concept of maintenance. That is, equip-
ment assemblies will normally be repaired or removed
and replaced at the shipboard level on an as—re-
quired basis and will not be subjected to a fixed re-
moval cycle.

NOTE

On-—condition maintenance does not pre-
clude the possibility of individual compo-
nents or subassemblies having specified re-
tirement life or overhaul limits.

234—4.3 Gas turbine maintenance actions are di-
vided into the organizational and depot levels. Due to
the complexity of the engine, the complexity and cost
of required support equipment, and the high degree
of technical expertise required to perform certain
maintenance operations, each level has been allo-
cated specific responsibilities and actions. Actions as-
signed at a specific level should not be attempted at
a lower level. The organizational and depot levels are
defined in paragraphs 234—4.4 through 234—4.6.

234—4.4 ORGANIZATIONAL LEVEL. Organiza-
tional level maintenance consists of corrective main-
tenance involving repair or replacement of failed as-
semblies, subassemblies, or components/accessories
in accordance with applicable technical manuals; and
preventive maintenance in accordance with mainte-
nance Requirement Cards (MRCs) of the 3M
Planned maintenance System (PMS). The PMS or-
ganizes into a systematic schedule of various ship-
board planned maintenance actions designed to pre-
vent or detect impending malfunctions in support of
the on—condition maintenance concept.

234—4.5 No component repair or overhaul actions,
other than those actions specifically authorized in ap-
propriate technical documentation, are to be at-
tempted at the organizational level. Organizational
level maintenance action on the engine is limited to
disassembly of the engine modules for removal to de-
pot—Ilevel activities.
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234—4.6 DEPOT LEVEL. All repair or overhaul of
engine components and accessories will be performed
at designated Navy or contractor facilities.

234—4.7 PLANNED MAINTENANCE SYSTEM

234—4.8 The 3M PMS organizes various required
shipboard maintenance actions into systematic pro-
cedures and schedules. All inspection, sampling, and
servicing tasks needed for the gas turbine module are
identified on the Maintenance Index Page (MIP) list-
ing. Frequency of the maintenance (scheduled time
between accomplishing the individual tasks) is also
identified.

234—4.9 The initial MIP/MRC contents result from
engineering studies which balance the need for the
task against benefits derived and the workload im-
posed. As operational experience is gained, tasks can
be added or deleted, or changes made in the tasks as
a result of feedback from the organizational mainte-
nance personnel.

234—4.10 Each task is fully defined on the individual
MRC in terms of procedure, tools, time required, and
precautions, etc. Historically, the MRC package com-
pletely defines all scheduled (preventive) mainte-
nance activities at the organizational level.

234—4.11 CONFIGURATION STATUS AC-
COUNTING SYSTEM

234—4.12 Although the U.S. Navy has been using
isolated applications of gas turbines for both power
generation and boost propulsion for the last 20 years,
the engines now entering service in large scale appli-
cations such as DD 963 and FFG—7 Classes are of a
completely different nature. Associated with these
engines are logistic problems on a scale not previously
encountered by the U.S. Navy.

234—4.13 The design and construction of the en-
gines now entering service are such that repair of the
gas generator, power turbine assemblies and most
component items requires a wide range of specialized
jigs and tools, and repair can be satisfactorily carried
out only in a dedicated workshop.

234—4.14 For work in this depth, the complete gas
generator and power turbine assemblies must be re-
moved. Only routine maintenance and the exchange
of certain component items, such as the
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starter or fuel control, can be accomplished with the
engine in place.

234—4.15 To maintain configuration control, it is
mandatory that all ship changeouts of component
equipment be reported on Maintenance — Ships Ac-
tion Form (2—Kilo), OPNAV 4790/2K, of the 3M sys-
tem. It is imperative that the ship reports accurate
configuration data, including part and serial numbers
of both removed and installed components. These
data will be used to maintain a current configuration
package for each engine within the computer data
base of the Configuration Status Accounting System.

234—4.16 NAVSEA 05T has been designated as the
Program Director for the Logistic Support Planning
for Gas Turbines with the authority and responsibility
for the organization, coordination, and execution of
the total logistic planning efforts for gas turbine en-
gines. Joint Configuration Management for LM 2500,
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501—-K17, ME 831-800 gas turbine engines has been
established in NAVSEAINST 4130.11. NAVSEA 05T
will promulgate a detailed Instruction by the end of
1981 which will define configuration status account-
ing requirements and procedures.

NOTE

All activities involved in the removal and
repair of the LM 2500 are cautioned to be
completely familiar with this and other
NAVSEA policies associated with the LM
2500 Configuration Status Accounting Sys-
tem.

234—4.17 It is anticipated that, as different gas tur-
bine engines are introduced into the fleet, each en-
gine will be added to the NAVSEA 05T Configuration
Status Accounting System.
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SECTION 5 GENERAL MAINTENANCE ACTIONS

234-5.1 PROCEDURES

234—5.2 GENERAL. Organizational level gas tur-
bine maintenance can be divided into two generalized
categories — preventive and corrective. Preventive
maintenance is the normal, daily, maintenance and
inspections performed on an engine to keep it in an
operative condition. Corrective maintenance is main-
tenance done after an engine malfunction to restore
the engine to an operative condition.

234—5.3 Organizational level maintenance on the
larger marine gas turbine engines is limited to routine
inspection, removal and replacement of major engine
components, and removal and replacement of certain
designated engine auxiliary components.

234—5.4 Engine major component disassembly and
repair is not to be attempted at the organizational
level unless specifically authorized. Appropriate
manufacturers’ technical manuals and 3M Planned
maintenance System (PMS) MIPs and MRCs should
be referenced for authorized organizational level
maintenance actions and procedures.

234-5.5 Preventive maintenance is a normal func-
tion of the operating activity. In gas turbine mainte-
nance actions, as well as all other gas turbine related
activities, cleanliness is one of the most important ba-
sic essentials.

234—5.6 Particular care shall be exercised to main-
tain the cleanliness of the fuel, air, coolants, lubri-
cants, rotating elements, fuel nozzles, and combus-
tion chambers.

234—5.7 Prior to each day’s operation, inlet areas
shall be thoroughly checked for loose matter that
could possibly be ingested into the engine. Periodic
inspections shall be made on all fittings to check tight-
ness.

234—5.8 Precautions to be observed in all mainte-
nance actions are:

1. Proper procedures shall be followed to detect
misadjustment, possible failures, and excessive
clearances of wearing parts.

2. Do not use lead pencils for marking gas tur-
bine hot parts, because the carbon from the pen-
cil lead will cause stainless steel to become brittle
and possibly result in a failure. Refer to appropri-
ate technical manuals for correct marking tech-
niques or devices.
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3. Do not use steel wool to clean parts unless
the wool is stainless steel.

4. Make sure all personnel are thoroughly fa-
miliar with the proper procedures before starting
a repair.

5. Observe installation tolerances, wear limits,
and adjustments.

6. Tag all removed parts for identification pur-
poses.

7. Keep all parts clean. All openings shall be
covered to protect against contamination.

8. Make sure all necessary special tools and re-
pair parts required are available before begin-
ning the repair.

9. Keep detailed records of repairs, replace-
ments, and measurements of worn parts.

10. Refer to appropriate NAVSEA technical
manuals, manufacturers’ manuals, and MRCs for
specific inspection or maintenance intervals and
procedures.

234-5.9 OVERHAUL PERIODS. Maintenance and
overhaul periods and procedures are set up by NAV-
SEA and are reported to the fleet through the techni-
cal manuals or the MRCs. Engine protection proce-
dures, as outlined in the manufacturer’s technical
manual, shall be adhered to during all general mainte-
nance.

234—-5.10 As discussed in paragraphs 234-4.4
through 234—4.6, engine maintenance is classified as
either organizational or depot and may be accom-
plished for:

1. Normal operational schedule
2. Engine malfunction.

234-5.11 Engine overhaul will not be accomplished
on engines maintained under an on—condition main-
tenance concept. Engines and equipment maintained
under an on—condition maintenance concept will be
disassembled to the extent necessary to expose areas
requiring corrective maintenance and repaired/re-
worked as necessary by the depot activity.

234—5.12 Accurate logbooks/equipment service re-
cords, discussed in section 8, should be kept on
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each engine to ensure essential operational and main-
tenance history is available for repair/rework pur-
poses. In addition, records aid in developing meas-
ures for improving engine reliability.

234-5.13 BORESCOPE INSPECTION. The bore-
scope is a fiber—optic device used for in—place inter-
nal engine component inspection. Inspection shall be
performed in accordance with PMS requirements.

234—-5.14 Borescope inspection data can provide an
early measure of component aging in the engine and
allow for scheduling preventive maintenance before
a defect develops to the point where unscheduled
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shutdown would occur. One significant aspect of
borescope inspection is its capacity for pictorial trend
monitoring, in which the progression of aging effects
is observed, and predictions are made of the time
when a condition will have reached its allowable limit.

234-5.15 In pictorial trend monitoring, a 35mm
camera is used to obtain black—and—white or color
photographs through the borescope. Figure 234—26
illustrates use of the borescope with a camera.

234—5.16 A line drawing of a typical borescope pho-
tograph showing high—pressure turbine nozzle dia-
phragm leading edges is shown in Figure 234—27.

Figure 234—26. Borescope With Camera Being Used on LM 2500
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Figure 234—27. Drawing of Borescope Photograph of First Stage High Pressure Nozzle
Diaphragm on LM 2500 Engine.

234-5.17 GEAR ASSEMBLIES

234—5.18 Internal gearing contained in the major
engine assemblies shall not be removed unless specifi-
cally authorized in appropriate manufacturers’ tech-
nical manuals or PMS documents.

234-5.19 For further information, see chapter 241
(9420), Reduction Gears, and NAVEDTRA docu-
ments Engineman 1 and C, NAVEDTRA 10543, and
Diesel Engines, NAVEDTRA 10625.

234—5.20 When problems with any gears do arise,
the first cause that should be suspected is lack of lubri-
cation. Precautions shall be taken daily to insure that
lube oil sumps are always filled to their required level.

234-5.21 Procedures for routine inspection of ac-
cessory drive gear modules are:

1. Inspect housing and visible gears for cracks
and damage; replace gearbox module if unac-
ceptable.

2. Inspect accessory gearbox for oil leakage
around pad covers, plugs, and drive seals. Re-
place packings or seals if leaks are noted.
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3. Inspect main and accessory drive pad splines
for abnormal or excessive wear. Replace module
if abnormal or excessive wear exists.

234-5.22 BEARINGS

234—5.23 The antifriction ball or roller bearings that
are used in gas turbines are of the high precision type.
Cleanliness, careful handling, and adequate lubrica-
tion are of utmost importance for all types of bear-
ings.

234—5.24 For complete bearing information, see
chapter 244, Bearings, Diesel Engines, NAVEDTRA
10625, and applicable manufacturers’ technical
manuals.

NOTE

Bearing removal or disassembly shall not
be undertaken unless authorized by appro-
priate technical documentation.

234-5.25 GAS GENERATOR

234-5.26 Organizational level maintenance on the
gas generator assembly is usually limited to cleaning,
inspection, and the removal or replacement of auxil-
iary components. Disassembly and re —
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pair of rotating components shall not be attempted at
the organizational level. Such repairs require deli-
cate, dynamic balancing machinery available only at
the depot level.

234-5.27 COMPRESSOR. Inspection and cleaning
will comprise the primary organizational —level main-
tenance tasks performed on the compressor.

234—5.28 Inspection. Compressor blades and vanes
shall be examined periodically as specified in the
manufacturers’ technical manual to see that they are
clean and free from nicks, scratches, cracks, or other
damage. Inspection for, and removal of, nicks and
dents in the compressor blading shall be in accor-
dance with instructions provided in the technical
manuals.

234—5.29 Maintenance. Compressor rotating sec-
tion maintenance shall not be undertaken at the or-
ganizational level unless specifically authorized by
appropriate technical documentation. In that case,
maintenance shall be performed in accordance with
instructions provided in manufacturers’ technical
manuals.

234-5.30 COMBUSTOR. Combustors shall be in-
spected periodically for the presence of cracks, dents,
carbon formations, distorted liners, and burning.

234—5.31 Appropriate 3M or manufacturers’ tech-
nical manuals give the time for recommended inspec-
tion of the combustor. These documents establish cri-
teria which will enable a determination of the condi-
tion of the liner being inspected, and also show how
to correct minor liner malfunctions.

234—-5.32 Nozzles shall be removed at regular inter-
vals, inspected, and replaced, if necessary, in accor-
dance with instructions in the manufacturers’ techni-
cal manuals. Nozzles, when clean and ready for use,
shall have a good spray pattern of approximately a
90° angle, and be free of streaks.

234—5.33 Inspection. Combustion section inspec-
tions are conducted at regular intervals, depending on
the particular unit. Section inspections are usually
comprised of a borescope inspection, or a visual in-
spection. The general inspection procedure is:

1. Properly support the engine to allow partial
disassembly of the combustion area without caus-
ing engine sag.

2. Remove the combustion case to permit in-
spection of the combustion vane assembly, liners,
and chambers for cracks, burning, warping, coke
deposits, and other forms of deterioration.
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3. Inspect fuel nozzles for carbon buildup and
replace, if necessary.

4. Check the condition of the exhaust tempera-
ture thermocouples for breakage, severe burn-
ing, and crust formation; replace as required.

5. Inspect nozzle guide vanes and turbine
blades for evidence of burning, warping, and cor-
rosive attack.

6. Inspect visible portions of compressor for
nicks, cracks, and contamination.

7. Inspectlube and fuel oil strainers, filters, and
piping; replace elements as required.

WARNING

Because voltage to igniters is dangerously
high, ignition must be off before any igniter
is removed for inspection purposes. To in-
sure complete dissipation of electrical en-
ergy, a sufficient period of time (5 minutes
minimum) shall elapse between shutoff of
ignition and removal of its components.

8. At periodic intervals, check condition of ig-
niter plug. Clean all carbon deposits in accor-
dance with PMS documentation; if plug cannot
be restored to its original condition, plug should
be replaced.

234—-5.34 Maintenance. Care shall be exercised in
cleaning the combustor section to prevent damage to
section components, especially to fuel nozzles.

NOTE

Low—power operations may cause the noz-
zles to accumulate carbon deposits more
easily than will heavier loads.

234—-5.35 Usually soft carbon deposits can be re-
moved by increasing the power output for short peri-
ods. A defective nozzle or combustor may be indi-
cated by the following abnormal engine operation.

1. Booming or rumbling noises at high—power
settings

2. Failure of any burner to ignite
3. Burner flame—out

4. Engine reaching idle speed but failing to ac-
celerate

5. Delayed or aborted light—off
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234—-5.36 HIGH-PRESSURE TURBINE. The
high—pressure turbine wheel should be clean. Where
cleaning is required, instructions will be included in
the appropriate engine technical manual.

234—5.37 High—pressure turbine blade damage
may be caused by pieces of carbon or other foreign
particles passing through the turbine, or by turbine
overheating. Periodic borescope or visual inspection,
as specified in the manufacturer’s technical manual,
shall be made to see if turbine nozzles and blading are
clean and free from nicks, scratches, cracks, or other
damage.

234-5.38 The frequency and procedure for periodic
inspection is given in the appropriate technical manu-
als and PMS documentation:

1. Inspect turbine blades for nicks and dents.
Refer to appropriate technical manuals for ac-
ceptable limits.

2. Inspect for cracks and deformation in blades
and rotor assemblies.

234—-5.39 GAS GENERATOR SHAFTING. Inspec-
tion and maintenance procedures for gas generator
shafting are discussed in paragraphs 234—5.40 and
234—-5.41.

234—5.40 Inspection. Inspection procedures for gas
generator shafting are:

1. Inspect for cracks.

2. Inspect for damaged or excessively worn
splines.

3. Inspect for leaking shafting seals.

234—5.41 Maintenance. Deficiencies in gas genera-
tor shafting usually necessitate major module re-
placement. Consult appropriate technical manuals
for required actions.

234—-5.42 POWER TURBINE

234—5.43 Power turbine inspection and mainte-
nance actions are identical to those outlined for the
high—pressure turbine in paragraphs 234-5.36
through 234-5.38.

234—-5.44 COMPRESSOR CLEANING

234—5.45 In the salt—laden marine environment,
cleanliness of the compressor is vital for maintaining
good performance. Compressor contamination will
usually result in the engine being unable to attain
rated power without exceeding temperature limits.

234—5.46 It is essential that the compressor be
cleaned to keep it operating at its design perform-
ance. The cleaning agent used will generally depend
on the substance deposited on the blades.
Table 234 -6 gives cleaning agents to be used for con-
taminating substances.

234—5.47 WATERWASH METHOD. Applicable
technical manuals or MRCs should be consulted be-
fore any engine is waterwashed. General waterwash
procedures are:

1. Insure that engine has cooled at least 1 hour.

2. If air line to compressor air bleed valve can
be disconnected, disconnect the air line, cap the
union, and air—bleed port.

3. Prepare a mixture of clean freshwater and
detergent.

4. Motor engine while directing a moderate
stream of mix into compressor air inlet.

5. Allow engine to soak for 10 minutes.

6. Rinse engine twice by repeating procedure
with freshwater only.

Table 234—6. COMPRESSOR CLEANING AGENTS

Contaminating Substance

Cleaning Agent

Salt, Grease, or Oil Distilled Water and Detergent (B&B 3100 or Ajax)

Carbon, or Other Relatively Hard Insoluble Ground Peach Pits, Walnut Shells, or Similar Material Used For
Substance Abrasive Cleaning
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7. Reconnect air line and uncap air bleed port.

8. Operate engine at idle for 5 minutes to dry
COmpressor.

234—5.48 GRIT CLEANING METHOD. Grit clean-
ing consists of injecting roughly ground peach pits,
walnut shells, or similar material into the inlet air
stream of an idling engine. The abrasive action of the
grit removes salt, carbon, or other hard insoluble sub-
stances from compressor blades.

234—5.49 Grit cleaning shall not be used without
specific manufacturer approval and then only in the
quantities and at times specified in the appropriate
manufacturer’s technical manual.

NOTE

Grit cleaning shall never be used on en-
gines having coated blades and air pas-
sages.

234—5.50 INLET PASSAGES

WARNING

Never enter the gas turbine module or inlet
ducting to perform inspections or mainte-
nance while the engine is in operation.

234—5.51 GENERAL. It is important to keep inlet
passages and components clean and free of obstruc-
tions to prevent buildup of system pressure losses with
the ensuing decrease in engine performance. Inlet
passages and components must be kept free of all for-
eign matter which may be drawn into the compressor
and damage the engine.

234—5.52 Inlet passages shall be subjected to peri-
odic freshwater washdown to remove accumulated
contamination. Heated distilled water shall be used.
Accessible passage structure shall be brush—scrubbed
with a solution of water and 10 percent by volume of
institutional Ajax. Water with a 0.2 percent chlorine
content is acceptable.

234—5.53 Following scrubbing, passages shall be
rinsed with distilled water.
NOTE

Special precautions shall be taken prior to
washdown to insure passage drains are
clear and in an operative condition.
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234—5.54 Engine inlets shall be covered during
washdown to preclude ingestion of contaminants into
the engine.

234—5.55 SCREENS. Suitable screens usually are
provided to protect the compressor. It is the responsi-
bility of the engine operator to insure that protective
screens provided with the engine are not left out of
the air system, or damaged so foreign materials or
pieces of the screen can be drawn into the compressor
during engine operation. As a minimum, screens shall
be inspected weekly.

234—5.56 DRAINS. Water traps or drains must be
kept in good operating condition and cleaned peri-
odically. The engine inlet passages should be free of
all fuel and lubricants. Water traps and drains shall be
fitted with check valves to preclude re—entrainment
of water from the drain system into the inlet air
stream.

234-5.57 BLOW-IN DOORS. Blow—in doors shall
be checked for freedom of movement and corrosion.
Door gaskets shall be inspected for cuts and tears
across sealing surface. Torn or worn gaskets shall be
replaced. Door linkages and linkage assemblies shall
be cleaned with a wire brush and lightly oiled.

234—5.58 DEMISTER PADS. Pads and filter assem-
blies shall be removed and cleaned to remove accu-
mulated dust and salt deposits. Inspect pads for tears,
cuts, and surface erosion. Replace as necessary.

CAUTION

Never use a wire brush for cleaning demis-
ter pads.

234—5.59 Unless otherwise noted in appropriate
manufacturers’ manuals, pads shall be cleaned by di-
recting a compressed air jet across the pad, first from
the back side and then from the front.

234-5.60 Heavy contaminant buildup can be re-
moved by soaking pads for 30 minutes in 10 percent
by volume solution of institutional Ajax and distilled
water at 54.4°C (130°F) maximum. Following soak-
ing, pads shall be rinsed clean with distilled water and
allowed to dry thoroughly at room temperature.

234-5.61 Structural members or frames shall be
washed with Ajax and water solution and thoroughly
rinsed with clean distilled water prior to installation
of pads.
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234—5.62 ANTI-ICING HEATERS. Anti—icing
louver heaters shall be tested for operability and
cleanliness. Louver assembly shall be cleaned with a
wire brush and lightly oiled.

CAUTION

Insure that tools, rags, and other materials
are removed from the inlet air passage
prior to engine startup.

234—-5.63 EXHAUST PASSAGES

WARNING

Never attempt maintenance or inspection
of the engine exhaust ducting until the en-
gine is shut down and the exhaust ducting
has had sufficient time to cool.

234—-5.64 GENERAL. Exhaust ducts are made as
large as practical to minimize exhaust pressure losses.
A small increase in the duct back pressure will result
in sizeable decreases in engine output power.

234—-5.65 DRAINS. Drains and water traps must be
maintained in working order to remove rainwater and
condensation that could collect in the exhaust duct
when the engine is not in operation. During an
aborted start, some fuel may collect in the ducting and
must be removed to prevent ignition on subsequent
start attempts.

234-5.66 INSULATION. Ducting thermal and
acoustic insulation shall be examined periodically for
indications of deterioration. Damaged or soaked (oil
or water) insulation and lagging shall be replaced in
accordance with instructions given in chapter 635,
Thermal Insulation.

234—-5.67 EXPANSION JOINTS. Expansion joints
shall be inspected periodically for damage and dete-
rioration. Joints shall be checked for flexibility and re-
placed as required.

234—-5.68 INSTRUMENTATION
TROLS

234—5.69 INSTRUMENTATION. There are a few
basic instruments that are usually on all gas turbines.
These instruments measure:

AND  CON-

1. Exhaust gas temperature or turbine inlet
temperature
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Lube oil temperature
Lube oil pressure

Gas generator speeds

LA S

Power turbine speed (where applicable).

234-5.70 Most of the instruments used are either
waterproof or splashproof. Care shall be exercised in
handling these instruments, to insure their watertight
integrity.

234—-5.71 All engine—related instruments are cali-
brated by the manufacturer prior to installation.
Recalibration shall be done on a periodic basis to in-
sure accuracy of reading. Periodic calibration of all in-
strumentation shall be accomplished annually as a
minimum, or sooner if indicated by manufacturer re-
quirements. If replacement is necessary, the appro-
priate manufacturer’s technical manual should be
consulted for determining the correct identification.

234-5.72 CONTROLS. Controls for gas turbines
may be manual or fully automatic. Most controls are
designed to operate automatically but are provided
with manual overrides. Controls for gas turbines are
usually complex devices and no adjustments on them
shall be made unless personnel are thoroughly knowl-
edgeable in each control component. The manufac-
turer’s technical manual should be consulted before
any adjustments are made.

234—5.73 Temperature—sensing  instrumentation
furnished with most gas turbines consists of thermo-
couples or resistive temperature elements (RTE)
placed in the inlet and exhaust of the engine and the
lube oil system. Other temperature—sensing devices
may be placed by the manufacturer at various loca-
tions, depending on the size and function of the en-
gine.

234—5.74 During continued operation, the hot junc-
tion of the thermocouples may become coated, caus-
ing the thermocouple to read low and lose its quick re-
sponse to sudden changes in temperature. To pre-
clude thermocouple malfunction, stems shall be
checked periodically and the calibration checked by
immersion in water of known temperature, such as
boiling distilled water 100°C (212°F).

234-5.75 Thermocouples, along with their wiring
and contacts, shall be checked periodically for proper
operation and physical deterioration. Proper isola-
tion of thermocouples circuitry is re—
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quired to prevent electrical interference with other
ship electrical or electronic equipment. The thermo-
couples shall be calibrated at the same temperature at
which they normally operate, if possible. Thermocou-
ples and associated wiring and contacts shall be re-
placed at the first signs of deterioration or physical
wear.

234—-5.76 MOUNTS

234—5.77 Engine shipboard mounting may vary de-
pending upon engine size and application. In most in-
stallations, the mounting used is of the resilient type.
Resilient mounts are defined as those made of mate-
rials having elastic properties. Resilient mounts are
designed to isolate shock or vibration of continuous
or intermittent origin and to serve as a supporter for
the item to be isolated. For specific information on
mounts, refer to appropriate manufacturers’ techni-
cal manuals.

234—5.78 VENTILATION

234—5.79 Ventilation of the engine compartment is
sometimes accomplished by designing eductors in the
exhaust ducts. Since the exhaust gas velocity of a gas
turbine is high and the quantity of gas exhausted is
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larger than on other internal combustion engines, the
eductor method of using exhaust gas energy has
proved to be highly effective. The eductors provide
for adequate engine cooling with no intermediate sys-
tems required.

234-5.80 Another ventilation system used is that of
ventilation blowers in the engine compartment. Ven-
tilation blowers take their suction from outside the
engine compartment and discharge into the engine
compartment which in turn is vented to the outside.

234—5.81 The ventilation blower system provides a
continuous flow of air over the engine. The advantage
of the forced air system over the eductor is that the
forced air system can remain operational once the en-
gine is shut down, while the eductor system, since it
depends on exhaust gas velocity, does not function
once the engine is secured.

234-5.82 Ventilation system components shall be
checked periodically for cleanliness and deteriora-
tion. System electrical components shall be replaced
at the first signs of deterioration and wear. Mechani-
cal components such as fans and louvers shall be
cleaned of contaminants with a wire brush and lightly
coated with oil or corrosion—retardant compound.
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SECTION 6 REMOVAL AND REPLACEMENT

234—6.1 ALINEMENT

234—6.2 Most gas turbine installations use a flexible,
high—speed coupling assembly between the power
turbine shaft and the driven unit input shaft, The
high—speed coupling allows for minor misalinement
of the shafting. Typical coupling assemblies will ac-
cept an offset of up to 0.635 cm (0.125 inch) between
the engine shaft and the driven shaft, plus an angular
misalinement of 0.00436 radians (1/4°).

234—6.3 Alinement of the engine and driven unit
shall be accomplished in a cold set condition with a
prestressed tensile load in the coupling axial direction
to accommodate coupling shaft growth during opera-
tion. For general installations, the axial set for most
applications will be in the order of 0.4064 cm (0.160
inch).

234—6.4 In alining the engines to the driven unit, the
general procedures to be employed are discussed in
paragraphs 234—6.5 through 234—6.8.

234—6.5 When checking alinement, use two dial in-
dicators 180° apart instead of one indicator, in order
to check one indicator against the other. Readings on
each indicator shall be taken at quarter points 0°, 90°,
180°, 270°, and 360°, and the 0° and 360° readings
should check with each other. The two shafts being
alined to each other shall not be connected in any way.

234—6.6 Both facial and periphery readings shall be
taken. If difficulty is encountered in measuring facials
with dial indicators, a thickness gage may be used be-
tween the two mating flanges.

234—6.7 Alinement shall be accomplished only after
the ship or boat is waterborne and with normal trim
and load conditions. This procedure eliminates the
possibility of alining the machinery when the abnor-
mal stress of drydock support distorts the hull and ma-
chinery foundation.

234—6.8 When the proper alinement deflection
readings have been achieved, take three successive
readings to make sure the alinement readings will re-
peat.

234—6.9 ACCESSORY UNITS

234—6.10 To facilitate periodic maintenance and re-
duce engine downtime, gas turbine engine accessories
have been designed to make maximum use of

modularized plug—in or pull—out accessories. Most
engine accessories, such as the auxiliary power take-
off, power lever actuators, fuel pump and fuel control
system, lube and scavenge pumps, speed sensors, and
starter, are mounted to an integral engine accessory
gearbox. This gearbox is driven by the gas generator
section through a radial drive train. Mounting pads
are provided on the accessory gearbox for mounting
required equipment and any optional equipment nec-
essary for the engine. Applicable manufacturer’s
manual should be consulted for pad configuration, lo-
cation, and accessory mounting or alinement require-
ments.

234—-6.11 HANDLING

234—6.12 GENERAL. Gas turbine engines usually
are designed to facilitate removal or replacement of
accessories and major engine assemblies (gas genera-
tor, power turbine) as a total module without having
to disassemble either the section to be removed or the
adjacent assemblies. An example of this modularized
concept is illustrated in Figure 234—28.

234—6.13 Depending on the configuration of engine
installation and the closeness of surrounding struc-
ture, a single module could be removed without dis-
turbing adjacent modules. In other applications,
where space and adjacent structure prevent in—place
disassembly, the engine can be disassembled and re-
moved by modules until the desired section is free.
The engine is then reassembled in the reverse se-
quence.

NOTE

In such instances, any required special
tools and handling equipment are usually
supplied with the equipment.

234—6.14 Routing for installation or removal of the
entire engine is of primary consideration in design of
the engine application. Several alternative routing
schemes are currently used, from removal through
soft patches in deck and hull to removal through the
inlet air ducting, as employed on the DD 963 Class de-
stroyer and the FFG—7 Class frigates.

234—6.15 Prior to removal or disassembly of a gas
turbine engine, removal routes shall be identified
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Figure 234-28. Typical Modularized Engine Concept (GE LM 2500)
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and cleared and all required special handling equip-
ment shall be assembled.

234—6.16 INSTALLATION. When installing an en-
gine, care must be taken to insure that the proper lift-
ing hoists are attached to the turbine lifting lugs.

CAUTION

If the turbine is not lifted correctly, damage
may occur.

234—6.17 Before installing the turbine, insure that
all ducting and piping are arranged to prevent inter-
ference with the installation.

234—6.18 CHECKING REPLACEMENT. After an
engine is installed, all lines shall be connected and a
check made to insure that no line is leaking. Lock—
wiring, when required, shall be performed. The area
around the engine inlet shall be checked to insure that
no rags, tools, nuts, or bolts are left which might possi-
bly be ingested into the engine.

234—6.19 MARKING DISASSEMBLED OR RE-
MOVED PARTS. Marking of disassembled or re-
moved parts is either permanent or temporary. Per-

manent and temporary marking are discussed in para-
graphs 234—6.20 and 234—-6.21.

CAUTION

Any temporary marking method which
leaves a heavy carbon deposit (such as pen-
cil lead) will cause a part to become brittle
when it is subjected to intense heat. Such
marking methods are expressly prohibited.

234—6.20 Permanent Marking. Permanent marking
is marking which is legible during the entire service
life of the part. Manufacturer’s part numbers are al-
ways permanently marked. Parts may be permanently
marked by electrolytic etching, vibration peening,
and engraving.

234—6.21 Temporary Marking. Temporary marking
is marking which insures identification during ordi-
nary handling and storage of items prior to final as-
sembly and use. Ink usually is used for temporary
marking.

234—6.22 REMOVING ENGINE. When removing
an engine from the ship, care must be taken to insure
that all the fuel, lubricating oil, and other lines are dis-
connected.
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CAUTION

To prevent clogging or contamination, all
exposed openings in fuel, oil, or air lines
should be capped immediately. Do not use
tape to seal fuel or oil openings. Tape adhe-
sive is soluble in fuel or oil and can cause
contamination.

234—6.23 Before removal, all lines and fittings, both
on the engine and on the ship, shall be plugged or

capped.
CAUTION

Under no conditions shall the engine be
lifted from any point other than the lifting
lugs provided. For specific lifting and han-
dling instructions, the manufacturer’s tech-
nical manual should be consulted.

234—6.24 The proper hoisting rig shall be attached
to the lifting lugs provided on the module to be re-
moved.

234—-6.25 PACKAGING AND PRESERVING

234—6.26 PRESERVATION. A gas turbine shall be
preserved prior to removal from a ship if it is known
that the engine will be inoperative, shipped, or stored.
Engines to be taken out of operation for a period of
up to 1 month require only that the unit be protected
from the elements. Units to be stored or out of service
for more than a 1—month period must be preserved
for storage.

234—6.27 Preservation of the engine insures against
gumming, sticking, and corrosion in the internal pas-
sages of the engine and related equipment. Preserva-
tion usually is accomplished by injecting a liquid pre-
servative into the fuel and lube oil systems.

234—6.28 Consult manufacturer’s technical manual
for specific preservative instructions. In addition,
MIL—-E-5607 and MIL—E—17341 designate engine
preservation requirements.

234—6.29 DEPRESERVATION. The engine may
have to be depreserved if it has been in storage or in-
operable for extended periods of time. Prior to con-
necting the engine to the external portion of the fuel
and oil system (supply tank, coolers, filters, etc.) the
external tubing and equipment shall be thoroughly
flushed and purged. After installation,
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fill the engine oil sump with clean lubricating oil to the
proper operating level.

CAUTION

To prevent accidental firing, insure that en-
gine ignition unit is disconnected when
priming fuel control and fuel system.

234—6.30 Before initial operation, the engine fuel
system must be flushed and purged. Crank the engine
until all bubbles are out of the fuel stream and only
fuel comes through. Observe engine oil pressure dur-
ing cranking. If no pressure is indicated do not at-
tempt to start engine until cause for lack of pressure
has been determined and corrected.

234—6.31 The manufacturer’s technical manual
should be consulted for specific instructions on each
particular engine.

234—6.32 PACKAGING FOR STORAGE. Gas tur-
bine engines destined to be out of service for periods
exceeding 1 month shall be packaged following pres-
ervation. Packaging should be in compliance with
manufacturer’s instructions for engine shipment.
Lacking specific manufacturer’s instructions, the en-
gine shall be packaged in a hermetically sealed con-
tainer with humidity control and external indicator.

234—6.33 Further packaging requirements are given
in MIL-E-17341. Engine accessories shall be pack-
aged per the requirements given in MIL—E—17555
and MIL—-E-17286.

234—-6.34 SHIPPING

234—-6.35 GENERAL. All major engine parts, how-
ever badly damaged or worn, must be returned with
the engine which is being overhauled or discarded.
These parts are to be protected against further dam-
age in shipping. Personnel preparing engines for ship-
ment shall insure that all fuel lines, receptacles, oil
lines, intakes, exhausts, and any other openings in the
engine or its components are capped or covered be-

fore removal.
CAUTION

Engines should never be shipped in a con-
tainer that will transmit shock loads di-
rectly to the engine frame or its accessories.
Hull parts should not be returned with the
engine overhaul.

234—6.36 METAL CONTAINERS. In preparing an
engine for shipment in a metal container (a can), use
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the checklist included in this paragraph to insure that
all required precautions are taken:

1. Cover all openings, including inlet and ex-
haust, immediately after disconnecting and be-
fore removing engine from ship.

2. Check all electrical connections for caps.

3. Placeallloose parts in a carton. Fasten carton
securely to the engine with a wire or metal band.

4. Protect all wires by coiling or tying back. Se-
cure engine firmly in container.

5. Check the engine logbook against the engine
serial number for correct identity. Insert logbook
in the outside receptacle.

6. Use only currently good, well—dried, silica
gel bags. Place bags in designated baskets and
seal shipping containers. Containers which need
pressurization should be charged with clean,
compressed air, which is free of liquid water. The
outside of the containers shall be marked in ac-
cordance with MIL—E—-5607, Engine Gas Tur-
bine, Preparation for Storage and Shipment of.

234—6.37 WOOD CONTAINERS. In preparing an
engine for shipment in a wood container, use the
checklist included in this paragraph to insure that all
required precautions are taken:

1. Cover all openings, including inlet and ex-
haust, immediately after disconnecting and be-
fore removing engine for shipment.

2. Check all electrical connections for caps.

3. Coil and tie all wires securely to prevent dam-
age.
4. Place all loose parts in a carton and fasten

carton securely to the engine with a wire or metal
band.

5. Place protective envelope in wooden con-
tainer and hold in position by engine anchor
bolts.

6. Place engine in the envelope in the shipping
container and bolt into position.

7. Make sure that sharp protrusions do not
come into contact with envelope in any manner
which will cause it to be punctured during ship-
ment.

8. Check the engine logbook against the engine
serial number for correct identity. Insert logbook
in the outside receptacle.

9. Place the humidity indicator opposite the in-
spection window in the envelope.

10. Close and mark the container in accordance
with MIL—E—-5607.
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SECTION 7 SPARE PARTS AND ALLOWANCE LISTS

234-7.1 The Coordinated Shipboard Allowance
List (COSAL) is published under the authority con-
tained in OPNAYV Instruction 4441.12A and lists the
equipments, components, repair parts, consumables
and operating space items required for an individual
ship to perform its operational mission. The COSAL
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indicates the items (and quantity of each item) which
an individual ship should have onboard to achieve a
self —supporting capability for an extended period of
time. The material allowances prescribed in the
COSAL constitute the organic level of supply.
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SECTION 8 MARINE GAS TURBINE EQUIPMENT LOGBOOKS
AND SERVICE RECORDS

234—8.1 GENERAL. This section establishes policy
and procedures for use of marine gas turbine equip-
ment service records and logbooks.

234—8.2 The provisions prescribed are applicable to
all elements of the Navy engaged in operation or
maintenance of marine gas turbine equipment.

234-8.3 BACKGROUND

234—8.4 The Navy extensively deploys gas turbine
equipment in propulsion and ship—services systems
in its surface fleet. Selection of gas turbine equipment
for these systems reflects a desire to increase ship
availability through reduction in system downtime.

234—8.5 Acceptable reliability and onboard mainte-
nance features combined with ease of removal and re-
placement for internal repairs, made possible by the
high power—to—weight and size ratios of the major
equipment assemblies, have resulted in less system
downtime. Lower shipboard manning levels have also
been achieved.

234—8.6 System downtime and lower shipboard
manning levels have been realized through properly
directed maintenance and logistic support, and reli-
ability and maintainability improvement efforts.

234-8.7 Use of service records, as described in this
section, to retain significant historical operating and
maintenance data with gas turbine equipment trans-
ferred between shipboard installations and repair or
rework facilities, shall provide a consolidated source
of background information available to personnel
conducting and analyzing maintenance activity.

234—8.8 Such records are in accordance with the 3M
Maintenance Data System (MDS) organizational
(ship) maintenance data collection or reporting re-

quirements and are particularly important because of
the interface in marine gas turbine equipment sup-
port between shipboard organizational maintenance
and shore—based depot maintenance.

234—8.9 Use of service records and logbooks is com-
patible with a basically similar approach applied suc-
cessfully in NAVAIR for many years in the aircraft jet
engine environment.

234-8.10 OBJECTIVE

234—-8.11 The objective of this section is to describe
the policy and procedures for use of:

1. Service record forms used for recording data
related to complete equipment assemblies or as-
sociated components and accessories.

2. Marine Gas Turbine Equipment Service Re-
cord, which is a compilation of service record
forms for a complete equipment assembly, in-
cluding a cover form providing assembly—desig-
nation and installation —history information.

3. Marine Gas Turbine Equipment Logbooks
which are on board ship as a binder and recepta-
cle for Marine Gas Turbine Equipment Service
Record(s) of installed equipment assemblies.

234—8.12 POLICY. All activities having custody of
marine gas turbine equipment, that is, single —shaft
engine assemblies or modular engine assemblies (ma-
jor sections of engine that are replaceable), and asso-
ciated components and accessories, shall maintain
service records in a proper and up—to—date status in
accordance with the procedures described herein.

234—8.13 PROCEDURES. Equipment records are
an essential element of the

55



Digital Database

gas turbine technical discipline; they provide a history
of maintenance and operation, and configuration
changes of the equipment. A means of accomplishing
maintenance planning for scheduled removal is pro-
vided. Incomplete or inaccurate records can cause un-
necessary maintenance of equipment. Activities re-
ceiving questionable or incomplete records should re-
quest immediate corrective action by the delinquent
activity. Obvious mistakes may be corrected by the
current custodian after receipt of correspondence
providing necessary information.

234—-8.14 LOGS AND SERVICE RECORDS

234—8.15 MARINE GAS TURBINE EQUIPMENT
LOGBOOK. The Marine Gas Turbine Equipment
Logbook (MGTEL) is a hardcover, looseleaf, ring
binder capable of containing multiple individual Ma-
rine Gas Turbine Equipment Service Records
(MGTESR’s).

234—8.16 During construction of a ship which uses
gas turbine equipment, the shipbuilding contractor
maintains the MGTEL/MGTESR under the direc-
tion of the supervising authority (SUPSHIP), until
the ship is delivered. In certain instances, more than
one binder may be required to accommodate the
MGTESR for installed equipment. When this is nec-
essary, the binders are marked to identify the in-
cluded equipment.

234—8.17 The MGTEL shall be kept in the log room
(or equivalent) on the ship. The logbook binder shall
not be transferred or destroyed unless it is considered
unserviceable and is to be replaced. The logbook shall
be maintained in a neat and clean condition.

234—8.18 The MGTESR for each installed marine
gas turbine shall be inserted and maintained in the ap-
propriate MGTEL from the time custody of the
equipment is accepted until time of equipment trans-
fer.

234—-8.19 Logbook binders, forms, service records,
and card holders may be requisitioned by letter re-
quest directly from:
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Naval Aviation Depot
Code 52220, Building 379
North Island

San Diego, CA 92135

234—8.20 MARINE GAS TURBINE EQUIPMENT
SERVICE RECORD. The MGTESR is a looseleaf log
contained within a separate cover and punched for in-
sertion in the MGTEL binder. Special care shall be
exercised to ensure that the log is not lost when the re-
cord is removed from the MGTEL. A suitable fas-
tener shall be used to bind together the MGTESR
when it is shipped as a separate item or with the
equipment.

NOTE

Do not use staples.

234—8.21 The MGTESR is initiated by the manufac-
turer or the activity originally accepting the equip-
ment for the Navy. The record is subsequently main-
tained by the activity having custody of the equip-
ment.

234—-8.22 The MGTESR accompanies the equip-
ment at all times. When marine gas turbine equip-
ment is installed onboard ship as an engine or modu-
lar section of an engine, the associated record is main-
tained and becomes a part of the MGTEL. The serv-
ice record forms comprising the MGTESR are main-
tained according to procedures defined in paragraphs
234-8.32 through 234—8.35.

234—8.23 When complete equipment assemblies or
removable accessories, or components on which serv-
ice record forms are maintained are transferred (for
example, from a ship installation to a depot repair fa-
cility) or are maintained as supply resources, applica-
ble service records are kept with the item.

234—8.24 The applicable MGTESR, including all as-
sociated service record
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forms and accessory or component cards, shall be in-
serted in a plastic Return Materials Document Enve-
lope and accompany the equipment assembly when it
is being shipped or stored. The envelope shall be
placed in the records compartment of the reusable
shipping container, or attached securely to the exte-
rior of the packaging or the container that is used if a
compartment is not provided. The MGTESR is to be
removed only by cognizant equipment custodians;
that is, repair facilities (for repair, review, and up-
date), supply activities (if necessary, for examination
and safekeeping), and users (for insertion in the
MGTEL upon installation, review, and update).

234—8.25 When an accessory or component for
which a Selected Component Record (SCR) is main-
tained is shipped or stored separately from the com-
plete equipment assembly, the associated SCR card
shall be handled in a manner described in paragraphs
234—8.77 through 234—8.79.

234—8.26 For example, when the accessory is re-
moved on board ship for transfer to a repair facility,
the applicable SCR card is removed from the equip-
ment assembly MGTESR and transferred with the ac-
cessory. Upon installation of the replacement acces-
sory, the SCR card for the replacement accessory is
entered into and maintained in the MGTESR. The
relationship between logbooks, service records and
SCR cards, and the transfer of service records and
SCR cards with repairable and serviceable equip-
ment/components is depicted in Figure 234—28A.
Paragraphs 234—8.72 through 234—8.79 further de-
scribe procedures applicable to the SCR card.

234—-8.27 The types of equipment assemblies which
currently require individual MGTESRs are:

1. Gas turbine (single—shaft or single unit en-
gine assembly).

S9086—HC—-STM—000/CH—-234
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2. Modular engine (gas turbine with major sec-
tions of engine that are replaceable).

234—8.28 The requirement for maintaining a
MGTESR for a specific type of equipment is promul-
gated in General Gas Turbine Bulletin Number 3. The
bulletin shall include a listing of the appropriate
forms to be used in the subject MGTESR.

234—8.29 For new ship construction, the MGTESR
shall be closed out at the time of acceptance/custody
transfer of the ship to the Navy. Engine operating
hours and number of starts shall be totaled for the
construction period and logged as indicated in para-
graph 234-—8.43. Serial numbers recorded in the
MGTESR shall be verified before acceptance.

234—8.30 After the ship is delivered, all necessary
MGTESR entries for installed equipment shall be
made under the direction of the ship’s Engineering
Officer. Entries are to be printed in black ink or type-
written, except where penciled entries are authorized
for entering a Not Incorporated status for technical
directives. No entries shall be made with felt—tipped
pens.

234—-8.31 The signature required on the MGTESR
is the personal signature of the Commanding Officer
or the person designated by the Commanding Officer
in writing.

NOTE

Rubber stamp signatures are not author-
ized.

234—8.32 When old records are consolidated by a
depot level rework/repair activity, signatures need
not be entered for each entry in the Inspection and
Technical Directive sections. In this instance, the
same date is used for entries in these two sections and
in the Date Completed column of the Record of Re-
work. The
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handwritten signature appearing in the Record of Re-
work will be accepted as certification that the entries
in the Inspection and Technical Directive sections are
complete and correct as of the indicated date. Follow-
ing record initiation or consolidation, any subsequent
record changes shall be treated as separate line items
and signed accordingly.

234—8.33 The MGTESR is comprised of several
NAVSEA service record forms. Once a marine gas
turbine equipment assembly has been placed in serv-
ice, MGTESR data forms shall normally be removed,
data consolidated, and permanent information trans-
ferred only at the depot level.

234—8.34 Maintenance personnel shall replace SCR
cards in the MGTESR when associated components
are changed, as discussed in paragraphs 234—8.25
and 234—8.26; shall insert supplemental forms if ad-
ditional recording space is required; and shall replace
mutilated forms after transferring all information.

234—8.35 For historical purposes, old forms or cards
which have been replaced in the MGTESR during de-
pot repair, and a copy of the complete Ready for Issue
equipment service record package and pertinent de-
pot—level maintenance data shall be maintained at
the associated depot support facility for each equip-
ment assembly processed for repair.

234—8.36 Copies of SCR cards for all marine gas tur-
bine selected components shall be maintained at a
central repository, as discussed in paragraph
NO TAG.

234—-8.37 COVER SHEET FOR MGTESR. The Ma-
rine Gas Turbine Equipment Service Record, NAV-
SEA 9400/1, is the cover sheet of the MGTESR and
is used for equipment identification and installation
data. This form is a permanent part of the service re-

S9086—HC—-STM—000/CH—-234

Complete thru Change 3

cord and remains with the serial—numbered equip-
ment as it becomes repairable, cycles through repair
at a designated activity, and becomes serviceable as a
fleet support spare. Installation history entries are
continued in the spaces provided to generate a
chronological record of nonrepair activities at which
the serial—numbered equipment was installed. (Re-
fer to Figure 234—28B.)

234—8.38 The Authorized Operating Interval entry
refers to maximum equipment assembly operating
time between overhauls to as—new condition; that is,
the assembly is zero—timed. When the assembly is to
be operated for an indefinite period of time without
being zero—timed, as in the concept of on—condition
maintenance where repairs or rework are performed
only as required, an entry of on—condition shall be
placed in the space provided.

234—-8.39 MGTE CUSTODY AND TRANSFER RE-
CORD. The MGTE Custody and Transfer Record,
NAVSEA 9400/2, is a permanent part of the
MGTESR. When a MGTESR is transferred as a part
of an equipment transaction from one activity to an-
other, the MGTE Custody and Transfer Record shall
be completed in the manner described in the follow-
ing paragraph (refer to Figure 234—28C).

234—8.40 The transferring activity shall complete
the Date, From, To, Authority, and Remarks columns.
When equipment (serviceable or unserviceable) is
transferred from an activity of the operating force to
another activity, the Remarks column shall contain a
certification stating that the engine is complete (un-
cannibalized) at time of transfer. The certification
shall be signed by the Commanding Officer or the
person designated by the Commanding Officer in
writing.
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234—8.41 The receiving activity shall inventory the
engine and container, and note acceptance and date
in the Received column. NAVSEA and the transfer-
ring activity shall be promptly notified if the engine or
MGTESR is found to be incomplete.

234—-8.42 MGTE OPERATING LOG. Information
to aid in preparation and maintenance of the MGTE
Operating Log, NAVSEA 9400/3, is provided in para-
graphs 234-8.42 through 234-8.49 (refer to
Figure 234—-28D).

234—8.43 When an equipment is installed onboard
ship, entries shall have been made in the Equipment
Operating Summary spaces that identify total oper-
ating time since new, and time since last depot repair
or rework. If entries appear incomplete or inaccurate,
the receiving activity shall proceed as indicated in
paragraph 234—8.13.

234—8.44 For new ship construction, operation
hours and starts accumulated during the construction
period shall be totaled and need only be logged on the
equipment operating log form at the time of transfer
to the Navy. After acceptance of the ship by the Navy,
operating time and number of starts may be logged on
a daily, weekly, or monthly basis as preferred by the
user activity, except in instances where use of a spe-
cific interval is directed by NAVSEA or other cogni-
zant authority. Intervals exceeding 1 month are not
authorized and operating time from adjoining
months shall not be accumulated or combined into a
single entry.

NOTE

Start is defined as successfully going
through the start cycle to idle; motoring
and hung starts are not counted.

234—8.45 A Remarks column is provided for enter-

ing a synopsis of significant events or unusual trends
which have occurred or developed since the previous
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recording period. Any event or trend which deviates
from normal, not only those examples shown in figure
Figure 234—28D sheet 3 of 4, shall be described here.
The column shall be left blank when operations are
normal.

234—8.46 Upon completion of each page of the
Equipment Operating Log, or when the equipment is
being transferred (including new ship construction
transfers to the Navy), the entries shall be authenti-
cated by signature of the authorized representative of
the transferring activity. In the case of page comple-
tion, appropriate recapitulation data shall be brought
forward.

234—8.47 The Equipment Operating Log form shall
be closed out only when the equipment is transferred.
This includes new ship construction transfers to the
Navy. In closing out the log, enter the operating time
accumulated since the last interval was logged and on
the following line, enter the statement Last entry
prior to closeout.

234—8.48 Upon completion of repair or rework and
after screening and transcribing initial entry data to
a new form, the rework facility shall remove the old
Equipment Operating Log form and retain it in a his-
torical file.

234—8.49 All operating time and number of starts
that accumulate on both new and repaired/reworked
equipment during the period it is installed in a test cell
shall be excluded from the Operating Time and Num-
ber of Starts entries in the Equipment Operating
Summary block. For new equipment, the operating
time and number of starts shall be entered on a single
line with the words Test Cell annotated in the Re-
marks column. The page shall be authenticated with
an authorized signature. For repaired/reworked
equipment, Test Cell data may be recorded in a for-
mat selected by the repair/rework activity. This data
shall be retained as part of the pertinent depot—Ilevel
maintenance data for the equipment.



Complete thru Change 3

S9086—HC—-STM—000/CH—-234

tal Database

igi

D

{y0eg@ O IPUNUO])

(¥ Jo 1 133YS) *3or] BunesadQ ALOW "ASTHET N3

oJjepuaanl 3o

ALIANLDY

R0 g 1ylinaig)
ALIMEBYUVYAY

10430 1X3N LIV
M IN JONIS WANIX YN

(€ 2) )
AHOMIB/HIveIY S

10430 3INIS

(e )

Mm3N 30NIS T

=

YR Y

abe gy siy)

¢lF
Il Wiok

VR VN

(prems0 4 1ybnoag) I
NYOMIB/YIVdIY T
10430 IONIS

T

0°0 0°0

SLMVIS 'ON | INIL DNILYH 30

{premso 4 1yBnoag) 4
M3IN IONIS _h

\I

-

Sutrjeaadg

*SaTITATIOE

N

jaomax/ayedax 103 Teuoyido sy ejep (132 31533 §

Suypiodax jo poylsm SIYL

-uoyieiniydeday eieg
3yl wWOl1J PpIPNToxd aq y[Ieys uojieiado

1122 3se3 ‘aiojyaiayl ‘ejep BJujyiexado se §

pP213pTSuod jou SY [[od 3ISal ® ur uoyleradg

JUNLVYNDIS AHVIWNNS NOISYHIJO ININJIND3I =
noa50f> 03 101pd Xijua [3seq
112D 31891 Lz L 6 18/61/1
SxuvwIY sidvis| SHiNL SHNOH  {ia0omsaa SHUVYWIN S1HvIs SHINIL SUNOH | iaomm 30
e ‘ON IWIL ONIL VY IO 3ivo ON IWIL DONIEVH 340 3tvo
10 {SIHLNOW
666-VOD T0T9d 00SIN't IR61 Aaenueg 103E13UI) SEBY
‘ON 1VIY IS 3dA1/1300N ANINIINDI

901 9NILYYIHO J1OW

tINOY A1 -01)C/0096 ¥ ISAVYN

62A



Complete thru Change 3

S9086—HC—-STM—000/CH—-234

tal Database

igi

D

{9y uo aNLILOD}

(¥ 30 7 1993yS) ‘301 BunesddO FLOW "A8T-HET 31n81g

eno3eoasey
d1HSdns

ALIAILDY

FUNLYNOIS

_ (prewmao ¢ v
ALIVIBY UVAY
YN VN 10430 1X3IN iV
IN IINIS WONIXYIN
[RX4]
VN ¥N NHOMIY/BIVYIY 'S
10430 NS I
. RV ||
£y 0°see MIN wuz.mb_
. sbegmyg |
£y 07522 amiL w0l ©
{prmio 4 yBnoig)
VN VN RHOMIH/HIVAIY L
10430 IINS
0°0 0°0 P04 hybnorg)
M3N IONIS
SLMVIS ‘'ON | 3VIL ONILYH IJO

AUVINNNS NOI1YH 340 LNIWIHINDI

N\

I

*13jsuell jo awyl e s38ed syyl uo
S3713ua [® S3jEdJIULYINE 3injeusyg

*poyaad
uor3on13sucd diys mau Bujyanp pajernundoe ™
$31e)s jo idqunu pue 2wy} Juriezady / /
W

N\

3 mmo- 03 uu:. K13ud 3fe
-
[SEYNS EIERP] ] ) ;7 871179
SHIN
SHHYNIY stavis ! SUNOH_Jiwowsza SHHYNIY styvis| SHINIL SYNOH | iaom3qr
ON INIL ONELYHI40 Itva oN L ONILYII340 Iva

666-Y29 10164 00SZW' £861 aunr 10 (SIHINOW 103e13U3y sey
"ON TvIb3S 34A1/13G0W INIWAIND3

907 ONILVH3IHO LN

ANOH A)(P-01)C/00v6 ¥ ITAWN

62B



Complete thru Change 3

S9086—HC—-STM—000/CH—-234

tal Database

Digi

{y2eg vo anuNUO))

(p Jo € 199ys) ‘307 Buntesado HLOW "ASTHET 3By

Pena0 3 1lino.gj
ALNIGVUVAY
VN VN 10430 1X3INLY 2
A IN FINIS WNNIXVIN
€+ 2
VN VN NHOMIIHIVAIY S
00 20 10430 30NIS
. f€et)
. 061 1°0101 man 3onis * -
. EZFTTTIN | S ——
ol st e vi01 © “HEZHD
{piemso g 1ybnog) /000-H1S-3H-9B06S 12d °puruwod
Vi VN v AHOMIB/YIVIIY T £q peucyido sy sajpi3ua jo Kouanbaiy
10430 30NIS sAney Kq diys jo adueidaodde 1933y
APy W -
C. w\ﬁu ey 0°522 (P10 4 1ybnoIg) 4 -IL
M3IN 3ONIS
SIMVIS ‘'ON | BVIL ONILYH IO
IUNLYNDIS AHYANS NOILVH 340 1NIWIINDI
— .:Ezu_ou Ep— anpasoya]|ol 1071d{ A13ua J5e]
ay3 uy padfor sy TeAlLluy Buyjzodaa e > Gl S oyl | v8/8Z/1
Sujanp 3uri1indio s31€3S JO 13qunu [EIOL R4d ©z08 11935 108531dwa) w3702/ 1
L/ < 8 <y | e8/1€/21
01 | cel €g/0¢e/ 11
t 0 9L £8/1¢/01
—————1 -uwnjod s)ylewdy 3yl uy paidjul u2aq 13578
| sey uojlewiojul Juaas JuedfJTUILS A
Yo1YyMm UOC SIUF] uoO Hue[q 3327 Ba1e M~ Buny Suyinp J3s ¢ 10j]
I sumnyo> 83Ielg °‘ON pue ‘syjus] °‘siInoH 400671 30 2INn1EIIWRIIBA0 £8/50/01
| 1 ] 0 1 S £8/0€/6
*jewiou aiv suvoljeiddo udym s €z ! 1y | cs/ie/s
jyuelq 1JA] S§ uwn[od SYiewdy 97 . ozl €871t/ L
17 S o001 | €£8/0t/9
SLYN I sigvis| SHINIL | SHAOM haowad J—— siuvis] SHINAL | SHNOW | goumsy
‘oN INEL ONILYY IO va g ‘ON IWtL ONIZVHIO Itvo
O (SINANOW .
666-¥90 1018005 ZH'L 8 NV - £8 Nar 0ot 103e13U3Y sEY
"ON TviH3S 34A1/1300W AINIWAIND2
(ANOY ANYL-01IL/00P6 ¥ ISAVYN

907 ONILYH3IHO0 I19W

62C



Complete thru Change 3

S9086—HC—-STM—000/CH—-234

tal Database

igi

D

(% 3o ¢ 193ys) ‘8077 Buneadd ALOWN "AST-HET 24nd1g

{3209 VO 3NUHLVO])

{pmwu0 3 W BnOIg) = — —
N VN pﬁwa_.-wuwuud ‘9 *21qedy(dde jou Ariudaind sy g aujq
[m3n 30NIS NNEX YN __
€ m.. _
XUOMIU/HIVIIY ’
€26 da | 10430 IONIS |
€ot)
MIN wuz_n ’ ‘ut paTITJ £12321dwod sy ejep Buyjerado dypoyiad
ALIANDY C T 303 adeds uaym 10 Liyarioe. Suyjezado £q Jno
3L V104 pasoy> st a8ed 8oy Buyieisado uaym pajaydwod
(P03 1ybnog) a1e Liemums jJo ¢ 9 ‘y ‘¢ S3aUT[ uo sayjijug
0°0 0°0 NHOMIN/DIVIIM T
10430 30NIS
0s1 1'o0lot .e.”-w.“uu.uﬁ.“m.n. .._ /
SLMVLS 'ON | PWL DNILYM IO ™ . B
Funivnois ABVIWANS NOILYE340 ININAIND3 _ Y] ‘43141308 J0dap 4q apem aie Lawwuns jo 7 g |
Bauy] uo sayajua ‘iayedax jodap Buymorrog

*38ed

pa313fdumod 3yl uo sajyiiua je 1o (Juawdinba

JO 1a3jsuexl) Inoasold jo aujl e 33ed

SIY3 uo Sa}1jus {1 s23EdjIuay3ne 21n3ewudis

11

= uojIBujWeIU0) [ING 98/$/01
Z S ] y¥8/08/6
SiUviS SHIN3I T SHNOH 1008 24} SIMVLS SHIN3] SHNOH (0% 391
SuYvIeiY ‘ON 3INLL ONILYEIO Jiva SHUYWIY "ON WL ONILVH IO atva
o
666-VD 10184005 ZH1 = yg dqag  Jolsiunon 10je13u39 seY
‘ON TIVIU3S 34A1/73G0N INIWAIND3

907 INILYHI4O 3LON

{ANOY 2){P-OLIC/00P6 ¥ ISAVYN

62D



Digital Database

234—-8.50 MGTE INSPECTION RECORD. The
MGTE Inspection Record, NAVSEA 9400/4, pro-
vides for logging and authenticating the performance
of all special and conditional inspections performed
on the equipment during the period of custody. The
record for each type of inspection shall be maintained
on a separate page with the type of the inspection re-
cord indicated near the center of the top of the form.
Accurate inspection records are a primary require-
ment and prevent unnecessary reinspection by a new
custodian upon transfer of the equipment.

234—-8.51 A special or conditional inspection is an
inspection required by NAVSEA or another major
command, and is generally necessitated by an unusual
equipment problem. A special inspection is normally
specified by a bulletin and may or may not be recur-
ring in nature. A conditional inspection is an unsched-
uled event required as the result of a specific abnor-
mal operating condition (overtemperature, over-
speed, or stall). (Refer to Figure 234—28E.)

234—8.52 The performance of routine or periodic
inspection requirements of the Planned Maintenance
System (PMS) shall not be recorded. The perform-
ance of an inspection according to a Gas Turbine Bul-
letin (GTB) for the equipment [may also be a General
Gas Turbine Bulletin (GGTB)] shall not be recorded
in this section of the MGTESR, unless specifically
stated in the directive.

234—-8.53 Each entry in the MGTE Inspection Re-
cord shall be certified by signature. See paragraphs
234—-8.30 and 234—8.31.

234—8.54 MGTE RECORD OF REWORK. A com-
plete record of all repair, reconditioning, conversion,
modification, modernization, or rework performed
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on the equipment at a designated repair point, naval
rework facility, or contractor, shall be recorded on the
MGTE Record of Rework, NAVSEA 9400/5. This re-
cord shall be permanently retained in the MGTESR.
(Refer to Figure 234—28F.)

234—8.55 MGTE TECHNICAL DIRECTIVES. A
record of technical directives (TD’s) affecting the
equipment and accessories is entered on MGTE
Technical Directives form, NAVSEA 9400/6.

234—8.56 A separate form is used for each type of
technical directive, and all applicable directives are
recorded. Gas turbine TDs are issued as GTBs or Gas
Turbine Changes (GTCs); either may be an interim
type. (Refer to Figure 234—28G.)

234—-8.57 TD’s shall state the action category and
shall be entered in numerical sequence where possi-
ble, including a brief description and the applicable
status code.

234—8.58 GTB’s are employed to transmit technical
information other than that which directs a material
change or modification.

234-8.59 GTC’s are employed to transmit instruc-
tions to accomplish a material change, modification,
repositioning, or alteration in parts, components,
subassemblies, or assemblies, or their installation
configurations.

234—-8.60 All gas turbine TDs, including any of their
revisions and amendments, shall be recorded by num-
ber in this section (NAVSEA 9400/6) of the
MGTESR. A minimum of four separate pages is pro-
vided to record compliance by Type Directive, GTBs,
GTCs, GTB Revisions/Amendments, and GTC Revi-
sions/Amendments.
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234—-8.61 TD’s that affect components which re-
quire an SCR card or Supplemental Service Record,
such as a turbine rotor disc assembly, also shall be re-
corded in the TD section of that card or record, ac-
cording to paragraphs 234—8.73 and 234—8.92. In
this instance, only the TD number and a brief descrip-
tion shall be entered on NAVSEA 9400/6 with the no-
tation in the Compliance column, See SCR Card, or
See Supplemental Record.

234—8.62 Activities maintaining custody of the
MGTESR shall use the single entry procedure for re-
cording TD data on the NAVSEA 9400/6 forms. This
procedure is as follows: (Also refer to
Figure 234—-28G.)

1. Basic Information: Enter type of directive
and complete description of equipment—name,
model/type, and serial number.

2. Number: Enter the directive number in nu-
merical sequence, except the directive number
for each revision or amendment shall be entered
in the sequence that each revision or amendment
is received. All directive numbers, except revi-
sions and amendments, are accounted for in the
numerical sequence. This includes a numbered
space for each directive that has not been re-
ceived. Interim directives shall be recorded on
the same sheet as the formal directives and are
identified by an I preceding the directive number.
When the cancellation instructions in an interim
directive indicate that it will be superseded by a
formal directive, enter the basic directive number
on the following line.

NOTE

In instances where a directive is composed
of multiple parts to be accomplished at dif-
ferent times and the multiple parts can be
sequentially recorded on the GTC page(s),
separate consecutive entries shall be made
for each part.
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NOTE

In instances where a single line has been
left for a directive that has not been re-
ceived, a multiple—part GTC is subse-
quently received, and the multiple parts are
to be accomplished at different times, part
one of the GTC is entered and accounted
for on the GTC page. This entry also con-
tains a reference to the remaining parts,
which shall be recorded on the GTC Revi-
sions/Amendments page(s). During depot
rework, a multiple part GTC recorded in
this manner shall be consolidated with the
part one entry, with appropriate status re-
corded.

3. Status: Enter the appropriate status code —
INC, NINC, NA, NIS, or C. Definitions of the
codes and instructions for their use are listed be-
low:

a. Incorporated (INC) indicates that the
modification or production equivalent
thereto has been completely incorporated,
or the inspection has been completed.

b. Not Incorporated (NINC) indicates that
compliance with the modification or inspec-
tion has not been accomplished. This in-
cludes modifications or inspections that have
only been partially completed. NINC is a
temporary entry made in pencil to allow for
a status code change if the directive is incor-
porated or cancelled.

c. Not Applicable (NA) indicates that the
directive does not apply to the particular
equipment of the MGT model or the equip-
ment serial number.

NOTE

In instances where a directive has not been
received (NIS status) and it is determined
that the directive would not be applicable
to the particular equipment of the MGT
model or the equipment serial number, NA
shall be entered for the status of the direc-
tive.
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d. Not Issued (NIS) indicates that the di-
rective has not been issued.

e. Cancelled (C) indicates that the direc-
tive has been cancelled, superseded, or re-
scinded.

NOTE

When a TD has been incorporated and it is
subsequently cancelled, superseded, or re-
scinded, the status code remains INC.

4. Category: Enter the appropriate category
code: I for immediate, U for urgent, or R for rou-
tine.

NOTE

Leave space blank for directives that have
an NA or NIS status.

5. Description: Enter a brief description of the
directive. (This need not be the complete subject
of the directive.)

NOTE

For a TD that has an NA status, enter a
brief notation in the Description column to
indicate non—applicability such as not this
serial number. No description of the direc-
tive is required.

NOTE

Leave space blank for directives that have
NIS status.

For a TD that has a C status, enter the can-
celling or superseding reference in the De-
scription column. No description of the di-
rective is required.

6. Compliance: Enter the name of the activity
complying with the directive and the date of com-
pliance.

62P
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NOTE

Leave space blank for directives that have
an NINC or NIS status code.

7. Signature: All entries, except those with a
status of NINC and NIS, shall be individually
signed except in records consolidated during de-
pot rework, a single signature is authorized per
paragraph 234—8.31.

8. Revisions Issued: When a revision or amend-
ment to a directive is issued, the revision/amend-
ment annotation is entered in the Revisions Is-
sued column on the same line containing the ba-
sic entry. The complete log entry for the revision
or amendment is then entered on the applicable
revisions/amendments TD page. The Revisions
Issued column on these pages is not used.

234-8.63 Original accepting activities and depot—
level rework activities may provide within the TD list-
ing a one—line entry for each group of consecutively
numbered TD’s that has a status code of either NA or
C. The procedures of paragraph 234—8.31 are also
applicable to these entries. When this format is used,
no entry shall be made in the Category or Description
columns for these TD’s. In addition, when a new ver-
sion (dash number) of the same model engine is pro-
duced, the original accepting activity shall account for
all TD’s applicable only to the original equipment
model by a logbook entry on the GTC and GTB pages,
such as 1—50, NA, and the notation Previous Models
Only inserted in the Description column. These en-
tries ensure accountability of all TD’s on the model
series and cites, by number, those TDs that do not ap-
ply to the new version and for which no action is re-
quired by Navy activities. The entry is not to be con-
strued as indicating that the modifications prescribed
by the GTC’s contained within the block entry were
or were not incorporated into the production models
of the new version.

234-8.64 MGTE MISCELLANEOUS HISTORY.
The MGTE Miscellaneous History, NAVSEA 9400/7,
is used in the MGTESR to record pertinent informa-
tion for which no other place has been provided. This
information would include significant information
which might be of assistance to personnel/activities
involved in subsequent diagnoses of problems with
the



Digital Database

equipment, special test data, abnormal characteris-
tics of equipment, significant damage or repair, yard
periods, engine lay—up procedures, and authoriza-
tion for extension of operating intervals. Each entry
shall be signed. (Refer to Figure 234—28H.)

234—-8.65 Rework activities shall screen the informa-
tion entered on the form received with the equipment
assembly and information considered to be of perma-
nent value shall be transcribed onto a new form and
stamped Permanent Record. The old form shall be
placed in the historical data file and the new form in-
serted in the MGTESR.

234—-8.66 MGTE SELECTED COMPONENT RE-
CORD. The MGTE Selected Component Record,
NAVSEA 9400/8, is used to maintain a current inven-
tory and installation and removal record for all equip-
ment accessories and components that require SCR
cards.

234—8.67 It is impractical to include in this para-
graph a specific list of components which require SCR
cards since requirements vary according to the equip-
ment; however, data on all equipment components or
accessories that require an SCR card shall be re-
corded in this section of the MGTESR. A list of com-
ponents requiring SCR cards for each equipment
type or model has been promulgated by NAVSEA in
GGTB Number 3.

234—8.68 Sound maintenance practices and safety
considerations will dictate any additional items, other
than those that are mandatory, that should be re-
corded in this section.

234—8.69 When a selected component is replaced,
the removal data for the removed component, and in-
stallation data for the new component shall be en-
tered. (Refer to Figure 234—28].)

NOTE

For new construction ships that have
MGTE installed, the NAVSEA 9400/8
form for each engine at time of ship deliv-
ery shall have accurate entries for each se-
lected component replaced subsequent
todelivery of the engine by the engine
manufacturer to the Government as Gov-
ernment Furnished Equipment (GFE) or
to the shipbuilder as Contractor Furnished
Equipment (CFE).

S9086—HC—-STM—000/CH—-234
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234—8.70 At the time of equipment rework, the re-
work activity shall remove all old NAVSEA 9400/8
forms from the MGTESR and insert new forms. All
pertinent data for those components that have been
installed by an equipment custodian prior to repair or
rework and are not removed during the rework shall
be transcribed to the new forms to ensure mainte-
nance continuity. Selected components installed dur-
ing rework or repair shall also be listed on the new
forms.

234—-8.71 MGTE SELECTED COMPONENT RE-
CORD CARD. The MGTE Selected Component Re-
cord Card, NAVSEA 9400/9, is the SCR card. SCR
cards provide for recording installation and removal
data, TD status, and repair/rework history on selected
accessories and components. SCR cards are main-
tained as a part of an MGTESR as long as the applica-
ble component is installed. When the component is
removed from the equipment, it is accompanied by
the associated SCR card.

NOTE

Do not mail the SCR card separately unless
the component is inadvertently shipped
without the card. It is essential that the card
accompany the component. Continuity of
historical data is vital.

234—8.72 A central repository of SCR cards is estab-
lished for each accessory or component at the cogni-
zant repair/rework activity for each item. A misplaced
or lost SCR card that is subsequently found shall be
mailed to:

Naval Weapons Station
WQEC (Gas Turbine Repository)
Concord, CA 94520
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Cards received by this office shall be forwarded to the
appropriate depot for retention.

234—8.73 The administrative procedures for initia-
tion, in—service use, and management of SCR cards
are as follows: (refer to Figure 234—28K.)

1. SCR card data entries shall be typewritten or
plainly printed in black ink. Felt—tip pens shall
not be used.

2. SCR cards for components installed on, or
delivered with equipment, and for new compo-
nents received into the Navy supply system, shall
be initiated by the activity accepting the equip-
ment or installing the component for the Navy.
(Refer to paragraph 234—8.73.7. for additional
guidelines.)

3. When SCR cards are damaged or mutilated,
the activity having current custody shall initiate a
new card, transcribing all applicable information.

4. The organizational activity having current
custody shall prepare additional SCR cards when
space is required for further entries. All SCR
cards shall accompany the component until the
card is consolidated by a rework activity.

5. Upon completion of component repair/re-
work, the depot rework activity shall transcribe
pertinent historical data to a new SCR card. This
transcribing shall normally include only the total
count on the item since new and rework, a con-
solidation of TD data, and data on last repair/re-
work (when time since repair/rework was re-
corded as zero).

6. All TD’s that pertain to each accessory or
component for which an SCR card is maintained
shall be documented on the SCR card for that ac-
cessory or component. For example, all TD’s that
pertain to the fuel control (F/C) for the equip-
ment shall be documented on the SCR card for
the F/C. Multiple directives may be entered per
line provided the compliance date is the same.
Rework activities may consolidate all entries.

62R
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7. When ships or rework facilities receive se-
lected components or accessories lacking or hav-
ing incomplete SCR cards, the receiving activity
shall prepare or complete an SCR card for each
component or accessory. Such operating/con-
figuration data that is available may be obtained
by contacting:

Naval Sea Systems Command
Department of the Navy
Code 56X34

Washington, DC 20362—5101Information con-
tained on the component or accessory data plate
and any rework/repair decal data shall be in-
cluded in the request to facilitate item identifi-
cation.

234—8.74 Records of selected component overhaul
and significant repairs shall be maintained.

234—8.75 When the component is removed, removal
data shall be recorded on the SCR card applicable to
the removed item or component, the card removed
from the MGTESR and placed in a plastic envelope,
and the envelope attached physically to the compo-
nent. The card applicable to the new or replacement
component shall be properly entered into the
MGTESR. Installation data shall be recorded, simi-
larly to that data entered on the SCR form, when the
component is installed.

NOTE

When a component is removed for repair
and then reinstalled on the same engine/
module, removal data and repair actions
shall be recorded on the SCR card. In addi-
tion, installation data shall be recorded as if
the component is newly installed.

234—8.76 The procedures described in paragraphs
234—8.77 through 234-8.79 apply when selected
components or accessories are shipped between ac-
tivities or maintained as supply spares.
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NOTE  Count as inteepreted for use on this cardl shouid be coded 33 1ollows

S :STARTY H » QPERA TING HOURS
INSTALLATION DATA REMOVAL DATA
TOTAL COUNT | TOtAL COUNT
. INSTALLED | SERIAL ;‘;L"‘: ONITEM L%L"‘: | ONTEN REASON FOR REMOVAL
N N
© NO COUNT | SINCENEW | ocmsh. || COunT . SINCE NEW | aiwihe s
Nevw GGA- Fuel Contamination
Production| LM2500 [999 1010 0.0H NA 10358 25H NA 20601-EMQOL1-1274
b .
. = The Removal Data section is completed when
E:::dt"” all :p!;aimq h:“‘ the fuel control is removed., The card is
° "““', vhole number. then removed from the visible card holder in
GGA-999 logbook and shipped with the F/C ta
the repair activity. _J
JUPRURURN HU Ao SERNUR UV OSSR ISSRSUN SN S Rt

B B e e e e e Ee e B M M M R s =t s e WAt M e e e e e

TECHNICAL DIRECTIVES
TYPE DIRECTIVE COMPLIANCE .
STATUS CAT OESCRIPTION SIGNATURE
AND NUMBER CRIPTIO — o
GTC 7, 54 INC Woodward Gov | 3/15/84 | Upfip ACRE.
141 NA GTC 54 Incorporated NAVAVNDEPOT NoR(S | 5/28/84 | A Clag
GTB 9 NA GTC $4 Incorporated HAVAVNDEPOT NORT;| 6/28/84 y
GTB 10 INC VSC Lever, Inspection of | YAVAVNDEPOT NORIs| 9/30/84 |°
—

All TDs that pertain to an accessary or
cemponent for which an SCR card is maintained
shall be documented in this section of the
applicable card. The status indicated for the
GTCs and the part number entry on the card
shall be compatible

—

. e mim e, ... g e o e Bt i o B i mem i e e

SELECTED COMPONENT RECORD SCR CARD
NAVSEA 9400 9REY B8O PERMANENT RECORD
Stock Number Manufacturer MEG Code | Retirement Time Repiacement Replacement
If Applicable interval Due
Woodward Governor |66503
Nomenciatyre Senal Numter Part Number
Control, Fuel WYG 37000 L16716P24
0 20 30 40 SO 60 70

TYMSTPLEASE NOFE START ALL TYPING AT SAME POIMT ON SCALE. THEN REMOVE THIS STUB  BE YURE YOU HAVE & WELL INKED
RIBBON CARE LISED N TYPING WILL IMPROVE REFERENCE DURING 1Mt ENTIRE LIFE OF THE INDEX  TRY & 6EWIN TE POCKETS 1O SEE
“OW, IMEY 1 OOK BEFORE TYPING THE ENTIRE LIST

Figure 234—28K. Selected Component Record SCR Card. (Sheet 1 of 2)
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NOTE Count as imerpreted 101 une ON 1M card 3hOuIO be COOEd at follows

N = 4TRRIS ¢ OPERA NING WOURS
INSTALLATION 0ATA REMOVAL DATA
TOTAL COUNT . TOTALCOUNT
N INSTALLED | SERIAL ‘;g{:: ONITEM :gL"‘: ! ONITEM REASON FOR REMOVAL
k N
OoN NO COUNT | SINCE NEW | o6k || COUNT ! SINCE NEW | omsE, i
20601~ GGA-
Ehgl- LM2500 939 1035H | 37338 0.0H
1274 ~
T ] "
\ At completion of depot repair, these two
; - " blocks are filled in by depot repair
These four blocks are filled in by the activity during preparation of new SCR
activity that installs the control and card card for the control.
is inserted in the visible card holder in T T
GGA-399 logbook. I
TECHNICAL DIRECTIVES

TYPE DIRECTIVE COMPLIANCE

AND NUMBER sTATUS cat DESCRIPTION — — SIGNATURE
GTC 7, 38, 141 INC vavAvNDEPOT wonts | 12/1/83 | Quhy slan
GTB 9 NA GTC 54 Incorporated DD 975 10/5/84 ‘/O«/ﬁ;y /LQ&'.Z/
GTB 10 INC U] VSV Lever, Inspection of |DD 975 10/5/84 Y23 0 7 <

74
- mimiwr - - o - e mie e - Ol m i m i e e i mm i m e mm o .. -
SIGNIFICANT REPAIR/REWORK
DATE AEWORK NO ACTIVITY REMARKS AND MAJOR PARTS REPLACED SIGNATURE

NAVAVNDEPOT| O-Rings and T2 Servo Sleeve teplaced.

12-1-83 Repair .
NORIS 8ench Tested /}3 ﬁ, s ///! ..

SELECTED COMPONENT RECORD SCR CARD

NAVSES 400 9 REv 8 8D PERMANENT RECORD
Stack Numbper Manufacturer MFG Code | Retirement Time Replacement Replacement
it Applicable Interval Due
Woodward Governor | 66503
Nomenclature Seriat Nymber Pare Number
Control, Fuel WYG 15276 L16716P18 ON~CONDITION . ON~CONDITION
0 20 30 40 S0 60 Y
TYPIRT A NOIE START 21 TVPING AT 4AME #OINT O SCALE THEN REMUVE “MISSTUB HE SURE YOINMAVF 8 WELL NRED
WMHDN CARE LD N TYRING WHL APROVE REFERENCE [ RING trap ENTIRE VIFE OF Tt DR ¢ "RY A VEW IN IWE POCRETS TO SEE

CHOW THEY OO HESORE " ¢PING THE ENTIRE LIS T

Figure 234—28K. Selected Component Record SCR Card. (Sheet 2 of 2)
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234—8.77 The applicable SCR card shall be inserted
and sealed in a plastic Return Materials Document
Envelope (NSN 8105—-00—-334—4120 or equivalent.)

NOTE

Shipping documents shall not be placed in
the same envelope with the SCR card.

234—8.78 The envelope containing the SCR card
shall be attached directly to the component. Special
attention shall be given to attaching the envelope
when shipments are made in open type crates or with-
out a container. (When the component or accessory
is installed, the card is removed from the envelope
and placed in the associated equipment MGTESR.)

234—8.79 The envelope and SCR card shall not be
removed from the component by anyone except the
user/recipient.

234—-8.80 SUPPLEMENTAL RECORDS. MGTE
Turbine Rotor Disc Assembly Service Record, NAV-
SEA 9400/10, and Compressor Rotor Assembly Serv-
ice Record, NAVSEA 9400/11, are the supplemental
records presently required to be included in the
MGTESR.

234—8.81 The activity initially accepting the equip-
ment for the Navy shall ensure that the manufacturer
provides properly completed original records:

1. Turbine Rotor Disc Assembly Service Re-
cords for gas turbine engines, gas generators,
power turbines, and spare turbine rotor assem-
blies shall be received. One record is required for
each turbine rotor disc or stage in the equipment.

2. Compressor Rotor Assembly Service Re-
cords for gas turbine engines, gas generators, and
spare compressor rotor assemblies shall be re-
ceived. One record is required for the complete
compressor rotor assembly in the equipment.

S9086—HC—-STM—000/CH—-234

Complete thru Change 3

234—8.82 The rework activity performing mainte-
nance on turbine or compressor rotor assemblies shall
process the service records as described in paragraphs
234—8.83 through 234—8.93.

234—8.83 When a turbine rotor disc assembly is to be
reworked, the rework activity shall note the total
number of operating hours in Section III of the Tur-
bine Rotor Disc Assembly Service Record upon in-
duction of the equipment. The rework activities shall
also ensure that data associated with each disc are
properly recorded.

234—8.84 The old service record(s) shall then be
used to appropriately reflect changes or actions oc-
curring during rework. New Turbine Rotor Disc As-
sembly Service Records shall be initiated upon com-
pletion of rework and the old service records placed
in the historical file of data after transferring modifi-
cation information, disc and blade times, and perti-
nent measurements from the old service records to
the new service records.

234—8.85 When a compressor rotor assembly is to be
reworked, the rework activity shall ensure that data
associated with each stage and the shaft are properly
recorded at the start of rework. The old service record
shall then be used to appropriately reflect changes or
actions occurring during rework.

234—8.86 The single blade time entry for a stage
shall reflect the total operating time of the oldest
blade. This is particularly important when reblading
occurs during rework and a mixture of new and used
(or used blades with various operating times) are in-
stalled.

234—8.87 A new Compressor Rotor Assembly Serv-
ice Record shall be initiated upon completion of re-
work and the old service record placed in the histori-
cal data file after transferring modification informa-
tion and disc, blade, and shaft times from the old serv-
ice record to the new service record.

62W
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234—8.88 The rework activity shall ensure that a
properly completed NAVSEA 9400/10 for each tur-
bine rotor disc assembly and NAVSEA 9400/11 for
each compressor rotor assembly are included in the
MGTESR for the equipment, or attached to the spare
assembly, before to releasing the equipment or as-
sembly as serviceable.

234—8.89 A new supplemental service record form
shall be initiated by the current equipment custodian
to replace a damaged or mutilated record. All infor-
mation from the damaged record shall be transferred
to the new record form.

234—8.90 If supplemental records are lost, the activ-
ity having custody of the equipment at the time of loss
shall initiate a new service record. All available perti-
nent information shall be recorded in the new record.

234-8.91 Turbine Rotor Disc Assembly and Com-
pressor Rotor Assembly Service Record shall be

maintained as follows:

1. Entries shall be typed or printed in black ink.
Felt—tip pens shall not be used.

62X
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2. Additional service records shall be prepared
to provide additional space for recording re-
quired information. All pertinent record sheets
shall accompany the equipment until a new re-
cord is initiated during rework.

234—-8.92 Incorporation of TDs shall be recorded us-
ing the identification number of the applicable direc-
tive. More than one directive number may be re-
corded on each line, provided that the date of incor-
poration is the same. Upon initiating new records or
during consolidation of old records, original accept-
ing activities and depot repair/rework activities may
record more than one incorporated TD per line re-
gardless of the date of incorporation or complying ac-
tivity. (Refer to Figure 234—-28L and
Figure 234—28M.)

234—8.93 A Return Materials Document Envelope
(NSN 8105—00—334—4120 or equivalent) shall be
used for the protection of supplemental records when
they are shipped separately from the MGTESR. A
separate Return Materials Document Envelope shall
be used for shipping documents. At no time should
the supplemental record and shipping documents be
placed in the same protector.
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SECTION 9 SAFETY PRECAUTIONS

234-9.1 GENERAL

234-9.2 To insure safety, operating personnel must
be thoroughly familiar with the technical manuals and
other publications concerning equipment under their
care. Safety guards shall be provided at exposed dan-
ger points and proper handling of tools and parts em-
phasized.

NOTE

Good judgment cannot be overemphasized
when considering safety.

234-9.3 The generalized precautions listed in this
paragraph shall be observed in operating and main-
taining the gas turbine.

1. Do not attempt to operate the engine by wir-
ing around or opening circuits to automatic shut-
down or warning devices.

2. Disconnect batteries or other sources of elec-
trical power before performing maintenance to
prevent injuries from short circuits and acciden-
tal cranking of engines.

3. Avoid holding or touching sparkplugs, igni-
tion unit, or high—tension leads while energized.

4. Use proper caution when cranking an engine
by hand to preclude injuries to fingers or hands.

WARNING

Do not, under any circumstances, discon-
nect governors when operating or starting
an engine.

5. Retain adequate speed control of power tur-
bine by keeping fuel control and speed control
governors connected together.

6. Do not use oxygen to pressure—test fuel pas-
sages.

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

8. Avoid prolonged contact with lubricating oil
to prevent skin rash. All clothing that comes in
contact with lubricating oil shall be removed and
affected skin areas washed immediately. Areas in
which lubricating oil is used shall be adequately
ventilated to keep mist and fumes to a minimum.
If lubricating oil is spilled on painted surfaces,
these surfaces shall be washed to prevent soften-
ing of paint.

9. Immediately cap all exposed openings in
fuel, oil, or air lines to prevent clogging or con-
tamination. Do not use tape to seal fuel or oil
openings. Tape adhesive is soluble in fuel or oil
and can cause contamination.

10. Disconnect the main wiring harness from the
ignition unit when priming the fuel control. This
will prevent accidental firing of the engine.

11. Wear protective clothing as required to pre-
vent contact with cleaning agents. Adequate ven-
tilation shall be provided. Accidentally spilled ac-
ids shall be treated immediately according to pre-
scribed remedial instructions. Open flames shall
not be allowed within 15 meters (50 feet) of clean-
ing areas, and firefighting and safety equipment
shall be readily available.

12. When cleaning an engine compressor, if a
carbon removing compound comes in contact
with skin, eyes, or clothing, flush areas with run-
ning water, and seek immediate medical atten-
tion.

13. When handling parts that have been exposed
to fuels containing tetraethyl lead, insure that the
byproduct (poisonous lead oxide) is not inhaled
or taken into the body through cuts or other ex-
ternal openings. If exposure occurs, drench af-
fected area with water and obtain immediate
medical attention. Protective clothing shall be
worn at all times when handling contaminated
parts.

14. Do not use cadmium—plated tools for any
disassembly or reassembly procedures.

234-9.4 NOISE

234—-9.5 Gas turbine engine—generated noise levels
are on the order of 100 to 125 decibels. These levels
are sufficient to cause partial or total deafness to un-
protected personnel. Three primary noise sources ex-
ist in a gas turbine installation:

1. The inlet passages

2. The exhaust ducts

3. The engine core.
234-9.6 Noise from the first two sources, the inlet
and exhaust ducts, can be controlled by the installa-
tion of acoustic insulation to the structure. To prevent
negation of the soundproofing characteristics of

structural acoustic insulation, the insulation must be
constantly maintained at a high degree of repair.
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234-9.7 Similar acoustic treatment shall be applied
to engines mounted in a compartmentalized shroud
or enclosure. If such an enclosure or shroud is not in-
stalled, the entire compartment in which the engine
is installed shall be acoustically insulated.

234—9.8 In any case, personnel having to work in or
on any duct, compartment, or enclosure not acousti-
cally treated and containing an operating gas turbine
engine must wear ear protection devices no matter
how long the exposure to the engine—generated
noise is anticipated to be.

234-9.9 FIRE

234-9.10 The possibility of a fire being started by a
fuel line rupturing and spraying fuel on the engine hot
sections is a hazard in gas turbine installation. To pre-
clude such fire hazards, the precautions listed shall be
observed:

1. Shield all equipment surfaces which could at-
tain a temperature of 204°C (400°F) or higher,
and where impingement of a flammable fluid on
the surfaces is a possibility, when this would not
interfere with the proper functioning of the
equipment.

2. Equip engine modules, shrouds, and com-
partments with a fire detection and extinguishing
system.

3. When a fire or excessive temperature is de-
tected, installed automatic extinguishing equip-
ment shall shut airtight all compartment or enclo-
sure ventilation louvers and openings, except
main inlet and exhaust ducts.

4. Activation of the fire detection and fire ex-
tinguishing system will activate alarm signals in
the Central Control Station (CCS).

5. Fire extinguishing systems shall be equipped
with both remote and local manual release and
engine shutoff controls.

6. Once an engine has been shut down in a fire
condition, the engine shall not be started again
until a thorough inspection, in compliance with
the manufacturer’s operational manual, has been
conducted and the cause identified and cor-
rected.

234-9.11 SUPPORT PIPING SYSTEMS

234—9.12 Fuel and lubricating lines shall be shielded
from engine hot surfaces. Piping shall be located to
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preclude crew members from standing on compo-
nents to service other equipment. Piping and hose as-
semblies shall be tight without leaking. Hoses shall be
clamped to avoid chafing.

234-9.13 Hose routing shall provide smooth radius
bends without kinks in hoses. Figure 234—29 illus-
trates proper installation techniques for hose assem-
blies and Figure 234—30 illustrates proper hose in-
stallation routing and clamping techniques. Addi-
tional information on hose routing, securing, mainte-
nance, and replacement is in chapter 505 (9480), Pip-
ing Systems.

234—-9.14 ENGINE—-INSTALLED SAFETY DE-
VICES

234—9.15 Various safety devices are installed on gas
turbine engines, and safety wiring practices are in ef-
fect. Engine—installed safety devices are discussed in
paragraphs 234—9.16 through 234—9.23.

234-9.16 TORQUE LIMITS. Several different gas
turbine installations are equipped with a power tur-
bine output torque computer. This device will vary
engine speed and power to maintain power turbine
below established limits, preventing output shaft fail-
ure. In installations not having an automatic activat-
ing torque computer, torque values will have to be
monitored by operating personnel.

234-9.17 VIBRATION MONITOR. Most gas tur-
bines are equipped with vibration sensors. Vibration
sensors detect abnormal engine vibration usually in-
dicative of a blade or disc failure. In most applica-
tions, high—vibration levels will activate an alarm sys-
tem and initiate automated engine shutdown se-

quences.
CAUTION

In case of vibration—induced engine shut-
down, the engine shall not be started again
under risk of catastrophic engine failure.

234-9.18 An engine shutdown for high—vibration
levels shall be borescoped to determine whether it
should be removed and returned to the depot for
tear—down and repair.

234—-9.19 OVERSPEED PROTECTION. All gas
turbine engines are protected by automatic over-
speed governors that will limit gas generator and
power turbine speeds below preestablished levels.
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7. QUALITY CHECK INSTALLED ASSEMBLY:

» HOSE ATTACHED TO PROPER PORTS?

* HOSE ROUTED AND CLAMPED IN ACCORDANCE
WITH LATESY TECHNICAL DIRECTIVE?

e HOSE FREE OF TWISTED, STRETCHED, OR OTHER
STRAINED CONDITION?

» HOSE FREE FROM CHAFING?

* HOSE SWIVEL NUTS PROPERLY TORQUED?

® HOSE SWIVEL NUTS PROPERLY LOCKWIRED,
IF APPLICABLE?

8. LEAKY CONNECTION

* DO NOT OVER TORQUE AS A REMEDY @H
®* DISASSEMBLE AND CHECK FOR DIRTY ), \

OR DAMAGED SEALING SURFACE,
® CLEAN OR REPLACE, AS NECESSARY; THEN REASSEMBLE.

Figure 234—29. Proper Installation Techniques for Hose Assemblies
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Figure 234—30. Hose Routing and Cushion Clamp Installation Techniques.
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Should the overspeed governors fail to limit the gas
generator or power turbine speeds to the nominal
speed, an overspeed switch will shut down the engine
fuel control.

234—-9.20 Overspeed switches and governors shall
not be bypassed for any reason. Activation of an over-
speed reset will be required prior to further engine
operation.

234—-9.21 CONTAINMENT. Gas turbine engines are
shielded from operating personnel to preclude per-
sonnel injuries in case of any failure of blades, blade
attachment devices, discs, etc. that may penetrate the
engine casing upon failure.

S9086—HC—-STM—000/CH—-234
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234-9.22 SAFETY—-WIRING PRACTICES.
Safety—wiring is used to prevent disengagement of
parts by securing two or more threaded parts with
wire so the tendency for the parts to loosen is counter-
acted by tightening the wire. Safety—wire is not in-
tended to maintain torque values.

234-9.23 Examples of safety—wiring techniques are
shown in Figure 234—31. Although all possible
safety—wiring combinations are not shown, safety—
wiring practices shall conform generally to those
shown. Specific manufacturers’ technical manuals
shall be consulted for approved materials and tech-
niques to be used with the engine in any given applica-
tion.
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Figure 234—31. Safety—Wiring Practices (Sheet 1 of 2)

68



Digital Database S9086—HC—-STM—-000/CH—-234 Complete thru Change 3

BOLT WIRED TO A RIGHT CORRECT METHOD FOR WIR-
ANGLE BRACKET WITH THE VIEW ABOVE SHOWS COR- ING THE COUPLING NUT
WIRE WRAPPED AROUND RECT METHOD FOR WIRING ON FLEXIBLE LINE TO THE
THE BRACKET. ADJUSTABLE CONNECTING STRAIGHT CONNECTOR
ROD. BRAZED ON RIGID TUBE.

SMALL SIZE COUPLING NUTS SHALL
BE WIRED BY WRAPPING THE WIRE
AROUND THE NUT AND INSERTING

WIRE THROUGH THE HOLES AS
FITTINGS INCORPORATING WIRE LUGS SHALL BE WIRED AS SHOWN.

SHOWN IN VIEWS 4 AND 5. WHERE NO LOCK WIRE LUG IS
PROVIDED, WIRE SHOULD BE APPLIED AS SHOWN IN VIEWS 6
AND 7 WITH CAUTION BEING EXERCISED TO INSURE THAT WIRE
IS WRAPPED TIGHTLY AROUND THE FITTING.

VIEW 6

hay
=

VIEW S VIEW 10

COUPLING NUTS ATTACHED TO STRAIGHT CONNECTORS SHALL BE WIRED AS SHOWN WHEN HEX
IS AN INTEGRAL PART OF THE CONNECTOR.

Figure 234—31. Safety—Wiring Practices (Sheet 2 of 2)
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