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FOREWORD

This report, the Review of Experience, documents the historical main-
tenance experience for the DDG-37 Class Firemain and Auxiliary Mar.hinery

Cooling Water Systems, presents an analysis of the problems encountered,
and recommends actions to improve system material condition. It has been

, Ideveloped for NAVSEA 934X, the sponsor of the Destroyer Engineered
Operating Cycle (DDEOC) Program, under Navy Contract N00024-78-C-4062.
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The goal of the Destroyer Engineered Operating Cycle (DDEOC) Program
is to effect an early improvement in the material condition of ships, at an
acceptable cost, while maintaining or increasing their operational availa-
bility during an extended operating cycle. In support of this goal, System
Maintenance Analyses (SMAs) are being conducted for selected systems and
subsystems of designated surface combatants. The principal element of an
SMA is the Review of Experience (ROE). This report documents the ROE for
the DDG-37 Class Firemain and Auxiliary Machinery Cooling Water Systems.

The ROE is an analysis of existing and anticipated problems that affect
the operational performance or maintenance program of a ship system. The
ROE report serves as a vehicle for assessing the significance and conse-
quences of identified problems. The report also recommends specific actions
and a system maintenance policy that will prevent or reduce the impact of
problem occurrence while improving material condition and maintaining or
increasing system availability throughout an extended ship operating cycle.

The Firemain and Auxiliary Machinery Cooling Water Systems ROE includes"NN.
an analysis of all available maintenance data sources. The documented
maintenance experience of the system was reviewed through analysis of data
from the Maintenance Data System (MDS), Casualty Reports (CASREPs), and
system overhaul records. Initial findings from these sources were corre-
lated with Planned Maintenance System (PMS) requirements, system altera-
tions, and system technical manuals to identify maintenance problems. Ship
surveys were conducted and discussions were held with appropriate technical
groups to validate identified problem areas, identify undocumented mainte-
nance problems, and determine the status of current and planned actions
affecting the Firemain and Auxiliary Machinery Cooling Water Systems. All
findings were evaluated and appropriate conclusions developed. Recommenda-
tions were then formulated to implement existing and newly defined correc-
tive actions to minimize the occurrence of identified maintenance problems
and their impact on an extended operating cycle.
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The major findings and conclusions resulting from the Review of
Experience for the Firemain and Auxiliary Machinery Cooling Water Systems
are summarized as follows:

Major restorative maintenance of the Firemain and Auxiliary Machin-
ery Cooling Water Systems, with the exception of the firepumpp tur-1
bines and pressure regulators, will not be required during Baseline
Overhaul (BOH) or during the Engineered Operating Cycle.

The firepump turbines and pressure regulators require a Class "B"

overhaul during BOH and at each follow-on RaH.

Ship's Force is normally capable of mairn:.ning the system with
Intermediate Maintenance Activity (IMA) assistance.

* The Ship's Force repair effort is generally hindered by the lack of:

An adequately maintained lathe
A comprehensive standard procedure for centrifugal pump overhaul

* Incorporation of the sealed insulation system for electric motor
rewinds promises to be an excellent long-term solution to the high
rewind rate for electric motors.

* The impeller wearing rings for the cast gun-metal casing firepumps
currently stocked in the Navy Supply System are not suited for
salt water applications.

6 The Firemain and Auxiliary Machinery Cooling Water Systems appear
to be adequately supported by the Navy Supply System; only one
major change is necessary.

a Current PMS requirements, as modified by changes recommended in
this report, are adequate to maintain the Firemain and Auxiliary
Machinery Cooling Water Systems throughout the Engineered Operating
Cycle.

Reliable operation of the Firemain and Auxiliary Machinery Cooling
Water Systems can be expected during the Engineered Operating Cycle if
several recommended changes are performed in the following areas:

• Baseline Overhaul (BOH) Requirements

0 Intracycle Maintenance Requirements

• Follow-On ROH Requirements

• Reliability and Maintainability Improvements

, Planned Maintenance System Changes

a Industrial Facility Improvements
, IMA Improvements

a Integrated Logistic Suppurt (ILS) Improvements
I

Table S-1 summarizes all recommendations resulting from this Review
of Experience.
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Table S-I. SUM14ARY OF ROE RECCMMENDATIONS

Equipment Recommendation Reason

Baseline Overhaul Requirements

Engine Lathe Inspect and repair as necessary. Availability of a workable
lathe in fundamental to the
Ship's Force repair effort.

Ensure that all attachments are
available.

Firepump Turbine Verform Class "I" overhaul, of j.he This type of overhaul ihould
turbines in accordance with TRS be accomplished only at the
0521-086-601. depot level.

Intracycle Maintenance Requirements

All equipments of the Accomplish existing PM4S requirements Existing PMS requirements,
Firemain and Auxiliary as modified by recommendations of modified as recommended by
Machinery Cooling this report. this report, adequately

Water Systems address required intracycle
maintenance.

Follow-On ROH Requirements

Engine Lathe Inspect and repair an necessary, Availability of a workable
lathe in fundamental to the
Ship's Force repair effort.

Firepmp Turbines Perform Class 'IS" overhaul of the Estimated to be necepary by

t'irblnes in accordance with TRS the end of a 60-month oper-
0521-016-601. ating cycle.

Reliability and Maintainability Improvements

Motor and Turbine TYCOM should establish a uniform shift the relative mainte-
Driven Firepumps firepump operating policy tot nance burden from the high-

burdened 3 and 5 to the
- Operate firepumps 2 and 4 whenever burdene d 1 and t hlower-burdened 1 and 6,
- opsteam is available, reduce the number of rewinds
* Operate firepunipa 1 and 6 in port of I and 6, and increase the

or when under way when firspumps effectiveness of the automatic
2 and 4 are not available,
K Keep firepumps 3 and 5 set. up for start capability of 3 and 5.

automatic start to the maxcimum
extent possible.

NAVSEC should determine the beat At least two different
method for gun-metal pump casing methods of repair are cur-
repair and promulgate uniform rently in use, no determina-
repair instructions. tion having been made of

which method is preferred,

Use a run-to-failure maintenance The mean time between
strategy for the installed fire- significant maintenance
pumps of the DDG-37 Class. actions is short.

Develop a ShipAlt to implement the Improved grease flow through
recommended relocation of the fire- the bearing.
pump bearing housing vent drain.
Develop a ShipAlt to install stainless stoel casings pro-
stainless steel casings on all vide a solution to the casing
DDG-37 Class firepumps. erosion problems, and fire-

pumps 3 and 5 have more
casing arosiou problems than
other firepumoai,

(continued)
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Table S-1. (continued)

Equipment Recommendation Reason

Reliability and Maintainability Improvements (continued)

Firepump Electric Use a run-to-failure maintenance Motor-rewind prevention does
Motors strategy for the installed fire- not lend itself well to pro-

pump electric motors. ventive maintenance based on
calendar time.

Develop a procedure to rewind the The sealed insulation system,
electric motors utilizing the sealed when implemented, promiseus to
insulation system on all four be an excellent long-terl
eleoctric-motor-driven firepumps. solution to the high rate of

electric motor rewind for
motors subjected to high-
moisture environment.

Firepump Turbine Use a run-to-failure maintenance The intracycle maintenance,

strategy for the installed fire- should be minor, with major
pump turbines, corrective maintenance being

accomplished at BOH and
follow-on ROHm.

Auxiliary Machinery Have Ship's Force check the flange- Reduce the internal wearing
Cooling Water Pump te-flange alignment of the pump parts and motor bearing

and suction and discharge piping usage rates.
and adjust the pump foundation
bolts and the piping hangers to
correct any misalignment. The
check should be made each time
this pump is opened for corrective
maintenance.

line a run-to-failure maintenance The mean time between
strategy for the installed auxiliary significant maintenance
machimery cooling water pumps. actions is short.

Develop a ShipAlt to provide a Decrease the number of
mechanical seal for the pump. motor rewinds,

Auxiliary Machinery Construct a shield of light sheet Prevent qrounding out of
Cooling Water Pump metal over the motor. the motor due to accidental
Motor wetting.

Develop a procedure to rewind the The sealed insulation system,
electric motors utilizing tne sealed when implemented, promises to
insulation system on both motors. be an excellent long-term

solution to the high rate of
electric motor rewind for
motors subjected to high-
moisture environments.

Planned Maintenance System Changes

Motor and Turbine Change the periodicity of the annual The pump internals will be 1
Driven Firepumpq open and inspect PMS check to a inspected when opened for

situation requirement, corrective maintenance.

Motor Driven Firepumps Establish a PMS requirement to oper- Moisture accumulation will
ate firepumps I and 6 every day for be prevented and the number
about one hour. of rpotor rewinds reduced.

(continued) (1
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Table S-I. (continued)

Equipment Recommendation Reason

Planned Maintenance System Changes (continued)

Swing Check Valve Establish a monthly PMS requirement Failure of the awing check
to open and inspect firepump awing valve usually results in
check valves on turbine driven serious damage to the motor
firepumps. or turbine.

Auxiliary Machinery Change the periodicity of the annual The pump internals will be
Cooling Water Pumps open and inspect YMs check to a inspected when opened for

situation requirement. corrective maintenance.

Industrial Facility Improvements

None

IMA Improvements

None

Integratod Logistic Support (ILS) Requirements

Engine Lathe Have individual ships take the neces- A workable lathe with anLoe

sary steps to ensure that the as- qualified operator is fund-

rigned lathe operators are qualified amental to the Ship's Force
in the operation and maintenance of repair effort.
the equipment.

Provide DDG-39 with a lathe capable A lathe oith a minimum 10"
of accommodating the impeller diam- swing is required.
star of the largest installed
centrifugal pump.

Centrifugal Pump Provide Ship's Force with a suitable The organizational level
Centrifugal Pump Repair Manual. maintenance effort will he

imp:oved.

Provide suitable ball bearing heater Ball bearing removal and
ovens. reinstallation procedures

will be standardized.

Motor and Turbine Provide APL 016021445 to all chips Ship visits indicated that

Driven Firepump with stainless steel pumps and ships with stainless steel

ensure that shipboard allowances for pumps did not have the
spare parts are adequate. correct APLa.

Change the material requirements for Curruntly stocked impeller

the impeller wearing rings of the wearing ring is not suitable
firepumps supported by APL 016020494 for salt water applications.
from Stainless Steel class 303 to
rQAoil, QQ-N-288, nomposition B or D.

Assign an NSN to the monel impeller A monel impeller wearing
wearing ring, and revise APL ring will be less subject to
016020494 accordingly. corrosion than the currently

stocked stainless stud. one.

Firepump Swing Check Conduct a COSAL validation to ensure Presant CORA.Ls do not always
Valve that the installed firepump swing include the installed swing

uheck valves are supported by the uheck valves.
proper APL.

Auxiliary Machinery Add NSN 9C-4320-00-541-8843, impeller The impeller wearing ring is
Cooling Water Pump wearing ring, to APL 016110076, with not listed on the APL fur

an allowance for twn on-board spares. the pump.

ix
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

In support of the Destroyer Engineered Operating Cycle (DDEOC) Program,
sponsored by NAVSEA 934X, System Maintenance Analyses (SMAs) are being con-
ducted on selected systems and subsystems of program-designated surface
combatants. The principal element of an SMA is the Review of Experience
(ROE). This report documents the ROE for the DDG-37 Class Firemain and
Auxiliary Machinery Cooling Water Systems, which were specifically selected
for analysis because equipments of those systems are on the DDG-37 Class
Maintenance Critical Equipment List.

1. 2 PURPOSE AND SCOPE

The ROE is an analysis of existing and anticipated problems that affect
the operational performance or maintenance program of a ship system. The
ROE report serves as a vehicle for assessing the significance and conse-
quences of identified maintenance problems. It also presents specific
recommendations and a system maintenance policy that will prevent or reduce
the impact of problems while improving matorial condition and maintaining
or increasing system availability through an extended ship operating cycle.

The analysis documented herein is specifically applicable to the Fire-
main and Auxiliary Machinery Cooling Water Systems installed on the DDG-37
Class. Only those system components that had been installed or were on
board ship as of the fourth quarter of Fiscal Year 1976 were considered.
The analysis used all available documented data sources from which system
maintenance problems could be identified and studied. These included Main-
tenance Data System (MDS) data, Casualty Reports (CASREPs), and system
overhaul records, in addition to Planned Maintenance System (PMS) require-
ments data, system alteration documentation, and system technical manuals.
Sources of undocumented data employed in this analysis included discussions
with Ship's Force and other cognizant technical personnel.

. 1



1.3 SYSTEM FUNCTION AND BOUNDARIES

The Firemain System on the DDG-37 Class supplies sea water at 125 paig
for the firemain, magazine sprinkling system, flushing system and decon-
tamination stations in the ship's heads, main and secondary eductors,
ballasting and deballasting system, and emergency cooling for various
electronic and auxiliary machinery cooling systems. In this analysis only
those components of the Firemain System which were significant contributors

to the overall system maintenance burden were considered. Appendix A shows
a typical DDG-37 Firemain System (Figure A-l) and lists the components that
were identified for analysis (Table A-l). The individual systems serviced
by the firemain were not subjected to detailed analysis since they are part
of separate systems not addressed by this ROE.

The Auxiliary Machinery Cooling Water System on the DDG-37 Class sup-
plies sea water at 50 paig for various steam-driven auxiliary machinery
lube oil coolerst air compressor air coolersi auxiliary gland leak-off
condensersj boiler water sample coolers; and cooling, lubricating, and
flushing of the stern tube bearing. In this analysis only those components
of the Auxiliary Machinery Cooling Water System which were significant
contributors to the maintenance burden were considered. Figure A-1 of
Appendix A includes a diagram of a typical DDG-37 Auxiliary Machinery
Cooling Water System. It also shows the interface between the two systems
under study and the emergency supply from the firemain to the auxiliary
machinery cooling water main. The individual heat exchangers for particular
equipments that are cooled by the jystem are not included in this ROE but
are covered in the ROE for the specific equipment involved.

1.4 REPORT FORMAT

The remaining chapters of this report describe the analysis approach
utilized (Chapter Two), briefly define significant system maintenance prob-
lems encountered and discuss potential problem solutions (Chapter Three),
and summarize conclusions and recommendations derived from the analysis
(Chapter Four). Specific analyses and evaluations supporting the results
of this effort and included as appendixes to this report. A selected list
of references precedes the appendixes.

2



CHAPT[R TWO

APPROACH

Primary data sources used in performing the ROE for the Firemain and
Auxiliary Machinery Cooling Water Systems are identified in Section 1.2.
The data were used to identify, define, and analyze maintenance problems
that will significantly affect the systems' maintenance program. A
recommended course of action relative to the maintenance program was
formulated on the basis of the analysis results.

The analysis began at the component level at which Allowance Parts
List (APL) numbers are assigned. It comprised the following major steps
as described in Sections 2.1 through 2.3:

Compiling relevant documented and undocumented maintenance history
data

a Analyzing these data to identify and define maintenance problems
expected to have significant impact on maintenance of the systems

Recommending a specific course of action for solution of the system
maintenance problems

2.1 DATA COMPILATION

The analysis began with the compilation of data on the maintenance
history of the systems. The data file generated consisted of four key
elements: an MDS data bank, a CASREP narrative summary, a system overhaul
experience summary, and a system shipAlt summary. A library of appropriate
technical manuals, bulletins, etc., was also compiled. All MDS data re-
ported for the DDG-37 Class from I January 1970 through 31 October 1976
were screened for information pertinent to the system. Overhaul experience
was obtained from Mechanized Departure Reports for the DDG-37 Class.

Continued reference was made to all of the noted sources throughout the
analysis.

2.2 MAINTENANCE PROBLEM DEFINITION

Potential maintenance problems associated with the systems and their

components were identified by a screening process employing data obtained

3



from the above-described sources as well as from ship surveys, discussions
with Navy technical personnel, and, when appropriate, NAVSEA special
interest items.

MDS data constitutet. the initial and primary source of information
used in the screening process. This data base includes all part and labor
records, as well as narrative material, describing maintenance actions
reported against system components. Maintenance actions are represented
by Job Control Numbers (JCN). The purpose of the first step in the screen-
ing process was to identify the maintenance actions that had been reported
against components of the systems under investigation.

Computer-assisted analysis was next employed to quantify the man-hour
and part-expenditure burdens incurred for each component. These calculations
were performed not only for the selected components individually but also,
as appropriate, for each generic class of components. Individual components
or component classes that had contributed significantly to the systems'
maintenance burden were selected for the analysis described below.
Components were also selected for this purpose if they had generated a
significant number of CASREPs or if other sources of information (e.g.,
ship surveys or overhaul experience) disclosed significant concern regarding
maintenance problems or the maintenance programs for the components.

Detailed analysis of the selected components was directed toward
defining each maintenance problem in terms of several specific factors:
the effect of the problem on the component and systemi the interval between
occurrences of the problem, the redundancy of the affected component within
the system, the criticality of the component to the system, the resources
required to perform the maintenance necessary to correct the problem, and
the expected component or system downtime.

2.3 ANALYSIS OF COMPONENT MAINTENANCE PROBLEMS AND DEFINITION OF SOLUTIONS

Once the component problems and the causes of the problems were iden-
tified, solutions were sought by examining each problem in relation to the
extent to which it is recognized and its susceptibility to established
types of corrective action. These analysis criteria can be expressed by
the following questions:

Is the problem known to the Navy technical community and has a

solution been proposed or established?

* Will a design change reduce or eliminate the problem?

* Is the problem PMS-related? Can the problem be reduced or elimi-
nated by changes to PMS? (These changes might include adding or
deleting requirements, changing periodicity, or developing material
condition assessment tests and procedures.)

4
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Can the problem be reduced or eliminated by improving Ship's Force,
Intermediate Maintenance Activity (IMA), or depot-level capabilities?

* Can the problem be reduced or eliminated by periodically performing
77 restorative maintenance? Should this be accomplished at a Selected

Restricted Availability (SRA) by Ship's Force, IMA, or depot-level
facilities?

* Is the run-to-failure concept a viable maintenance strategy for the
associated equipment.

An affirmative answer to any question resulted in analysis of the effects
of the solution and in an estimate, when possible, of the cost to implement
the solution. A negative answer prompted the analyst to go to the next
question.

The historical overhaul experience for all installations of each
selected component was then correlated with the recommended problem solu-
tions. An evaluation was made to establish the Baseline Overhaul, intra-
cycle, and follow-on Regular Overhaul requirements for each selected
component.

?/
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CHAPTER THREE

ANALYSIS RESULTS

3.1 OVERVIEW

Preliminary analysis of the MDS data resulted in the identification of
10 system components that warranted detailed analysis. The MDS maintenance
burden data for these component. are summarized in Table 3-1.

A review of part replacement histories identified those replacement
parts within the selected components requiring further analysis. Pertinent

data for theme parts are summarized in Table 3-2. CASREP analysis sup-
ported the MDS data analysis performed to define repetitive or significant
maintenance action@. Appendix B summarizes the CASREPs reported against
the equipments of the Firemain System and indicates the percentage of total

system CASREPs attributed to each equipment, as well as the type. of fail-
ures experienced. Ship surveys and discussions with Navy technical code
personnel confirmed the existence of maintenance problems disclosed by the
analysis and identified a supply support problem related to wearing ring
material.

The following 10 system components were subjected to detailed analysis
because of significant intracycle maintenance experience:

Firemain System

*. Firepump (APL 016020494)

** Firepump (APL 016020528)

** Firepump Motor (APL 174750564)

Firepump Turbine (APL 057950042)

Firepump Turbine Regulator (APL 882260195)

** Firepump Turbine Regulator (APL 882260469)

Flexible Coupling (APL 782350005)

"" 4.0" IPS Swing Check Valve (APL 882035712)

Auxiliary Machinery Cooling Water System

Auxiliary Machinery Cooling Water Pump (APL 016110076)

Auxiliary Machinery Cooling Water Pump Motor (APL 174750217)

•} I • . .... -,• .•.
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Table 3-2, PARTS USAGE SUMMARY FOR SELECTED COMPONENTS OF D0D-37 CLASS FIREMAIN AND AUXILIAnY MACHINERY
COOLING WATER SYSTEMS

Ratio
Current Quniy(x 100) of Number ofPart Identification CostT Part Number Partts S

per unit per Population Replaced Replaced S

NEN Nomenclature (Dollars) omponent to Toa Rprted

Population

riremain System

Firepump, APL 016020494/016020528

96 3110-00-864-0575 Thrust Bearing 29.74 1 60 225 375 10
96 3110-00-155-6160 Bearing 5.54 1 60 229 365 10
9C 4320-00-541-90651 Impeller Wearing Ring 6.96 2 120 196 163 10
9C 4320-00-541-90641 Casing Wearing Ring 17.99 2 120 a3S 104 10
9C 4320-00-479-8862 Impeller WeAring Ring 22.15 2 120 73 61 9
90 4320-00-479-0851 Casing Wearing Ring 91.52 2 I10 50 42 9
9C 4320-00-493-2013 Rotor Assembly 6907.68 1 60 12 20 6
9C 4330-O0-625-6917 Sleeve 67.94 1 60 130 230 10
9C 4320-00-625-6916 Sleeve 101.93 1 60 150 250 10
9C 4320-00-541-9061 Deflector 12.59 2 120 29 34 10
1HM4320-00-766-8010 Shaft 598.00 1 60 225 375 10

Pirepump Motor, APL 174750564

96 3110-00:1:::6266 [ Baring 1 7,1 11 40 11391 3461 10
9Z 3LI10.0015S630232 Bearn 15.a1 j l 40 j119J

3 95 10
Firepump Turbine, APL 057950042

IMM2825-00-097-1710 Carbon Packing 7,40 a 160 214 134 10

11HN3821-00-303-6730l Shaft Bearing Assembly 39.00 2 40 53 133,HM2825-00-3S3-6731 Bearing oil seal 37.50 3 60 i 8 30 9

Firepump Turbine Regulator, APL 882260195

9C 4920-00-446-3403 Diaphragm 26.09 1 8 26 350 8

9C 4820-00-036-1526 Needle Valve Asmembly 9.19 1 15 12 67 7
90 4820-00-036-1516 Valve Piston 33.38 1 1i 3 17 3
9C 4820-0o-280-1229 Piston Ring 4,25 2 36 22 61 5

irrepump Turbine Regulator, APL 862360469

9C 4620-00-446-3403 Diaphragm 126.05 1 2 6 300 1
9C 4820-00-036-1516 Valve Piston 33.38 1 2 7 350 1
9C 4820-00-268-1229 Piston Ring 4.25 2 4 19 475 1
2N 4320-00-023-6280 Regulator 2030.00 1 a I 5o0 1
9C 4920-00-036-1532 Main Valve Dime 29.10 1 2 4 200 1

Flexible Coupling, APL 782350005

90 3010-00-239-3440 Flexible Coupling 109.20 1 60 36 60 a

4.01 IPS Swing Check Valve, APL 882035712

1H 4820-00-084-9540 Check Valve 283,00 1 30 3 10 2

• This NSN was replaced by NSN 9C 4320-00-479-8862, effective 2/73 (as* Table 3-6).
SThis NON was replaced by NOW 9C 4320-00-479-88A1, effective 2/73 (see Tabole 3-6).

This HEN is listed on APL 174750564 dated 06/06/74 but not on the some APL dated 03/01/76 (mee Section

(continued)
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TabJe 3-2. (continued)

I I Ratio
Current (X 100) of

Part identifictaion Quntt Numbe of: p Cost Total Part Number PartsN| oecaue per Unit per Population Replaced Replaced Ships
HI oecaueComponenft Reported

(Dollara) to Total
Population

Auxiliary Machinery Cooling Water System

Auxiliary Mahlinery cooling Water Pump, APL 016110076

K 4320-00-541-19434 Impeller Wearing King 6.41 2 20 97 485 10
9C 4320-00-541-8842 Casing Wearing Ring 9.50 2 20 105 530 10
9C 4320-o0-393-3406 Aleeve 36,81 1 20 20 140 10
9C 4320-00-119-3360 Defleator 8.71 1 20 is 75 9

NHM4320-00-625-384S Zipeller 459.00 1 20 11 55 7

Audlisary Machinery Cooling Water Pump Motor, APL 174750217

9Z 3110-00-155-6302 Bearing 10.26 1 1 20 105 523 10
92 3110-00-155-6302 Bearing 1501. 1 20 106 530 10
2H:t10s-00-264-177?l Rotor o1060.00 20 4 20 3

NHHG1OS-00-S00-3444 r't." 3022.00 1 20 1 5 1

4Currently not liated -ýn th. APL (seei Station J,.3.13).

The firepump supported by APL 016020528 is identical to the firepump
supported by APL 016020494 except that its discharge flange is 1" thick
rather than 5/8" thick. ThereforA, in this ROE all MDS data for the fire-
pIMp supported by APL 016020528 have been included with APL 016020494.
These systems and their respective selected components are discussed in
detail in the following sections of this chapter.

3.1.1 Maintenance Support

Several problems related to the maintenance support of the F~remain
and Auxiliary Machinery Cooling Water Systems were identified. Since these
problems also have an impact on other DDG-37 Class systems, they are dis-
cussed below. The recommendations made will resolve similar support prob-
lems for all affected systems.

3.1.1.1 Engine Lathes Installed on DDG-37 Class Ships

An operable lathe, complete with attachments, and a qualified operator
are essential to centrifugal pump maintenance at the organizatlonal level.
Ship visiti and discussions with NAVSEC codes indicated that on the typicil
DDG-37 Class ship the installed lathe did not have all its attachments and
was not in good working order, and only one qualified operator was on board.

Table 3-3 lists the lathes currently installed on the DDG-37 Class
ships.

The APLs for the lathes listed in Table 3-3 indicate that the lathes
are furnished complete with all attachments except cutters and tool bits,
which are furnished by AEL 1-911154261. This AEL is applicable to all
DDG-37 Class ships.

10
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Table 3-3. ENGINE LATHES INSTALLED ON DDG-37 CLASS SHIPS

Hull Lathe APL Swing ManufacturerNumber

DDG-37 410350001 16.5" Springfield Machine Tool Company

DDG-38 410350001 16.5" Springfield Machine Tuol Company

DDG-39 410470057 8.5" Lodge and Shipley Company

DDG-40 410830027 15.0" Sheldon Machine Company

DDG-41 410320084 17.0" Amsted Industries Inc.; South
Bend Lathe Division

DDG-42 410350001 16.5" Springfield Machine Tool Company

DDG-43 410980003 13.0" LeBlond, Inc.

DDG-44 410830027 15.0" Sheldon Machine Company

DDG-45 410350001 16.5" Springfield Machine Tool Company

DDG-46 410830026 15.0" Sheldon Machine Company

A review of the centrifugal pumps installed on DDG-37 Class ships
revealed that the two-stage main condensate and main feed booster pump
rotors have the largest-diameter impellers, at 18.5" and 14.5'1 respectively.
Therefore, the largest awing (radius) required to machine all centrifugal
pumps, including firepumps and Auxiliary Machinery Cooling Water Pumps,
on the DDG-37 Class would be one-half of 18.5", or approximately 10" with
an allowance for lathe clearance. As shown in Table 3-3, all DDG-37 Class
ships except DDG-39 have lathes with swings in excess of 10". DDG-39
could turn all installed centrifugal pump rotors except the main condensate
pump rotors, while all the other DDG-37 Class ships could turn all installed
centrifugal pump rotors.

The capability to turn a centrifugal pump rotor is necessary for the
proper replacement and cutting to size of the impeller wearing rings on
centrifugal pumps. Casing wearing rings are normally smaller than the
impeller of the same centrifugal pump. Therefore, the impeller diameter
determines tho minimum owing required of a ship's lathe.

The eollowing specific maintenance actions applicable to centrifugal
pumps cannot be accomplished without an operable lathe and a qualified
operators

& Wearing ring replacement (both casing and impeller)

6 Proper ball bearing fit-up if shaft or bearing housing dimensions
are out of specification

: L. 11



• Flexible coupling replacement

0 Pump and motor shaft replacement or repairs

The following actions are recommended:

All the lathes installed on DDX--37 Class ships should be inspected
and repaired as necessary at BOH and each follow-on ROH to ensure
that they ave in goud working order and that all attachments and
accessories are available.

Individual ships should take the necessary steps to ensure that the
assigned lathe operators are qualified in the operation and main-
tenance of the equipment.

DDG-39 should be provided with a lathe capable of accommodating
the impeller diameter of the largest installed centrifugal pump.
A lathe with a swing greater than 10" is recommended.

3.1.1.2 Technical Documentation

Centrifugal firepump overhauls are currently being accomplishied by
Ship's Force and IHA personnel using different manuals. At the IMA level
the pumps are being overhauled by maintenance personnel using preliminary
versions of a Shop Procedures Manual for Centrifugal Pump Repair týat was
prepared for PMS 306 in rupport of the Shop Qual4fication Improvement
Program (SQIP). The manual, intended for IMA personnel only, covers all
aspects of centrifugal pump repair, including bearing removal and renlace-
ment. Ship's Force personnel are using only the manufacturer's technical
manual, which is loss comprehensive and does not provide the required
detailed procedures.

A manual similar to the Shop Procedures Manual has been prepared for
the COMNAVSURFLANT Centrifugal Pump Overhaul Training Team. This manual,
Centrifugal Pump Repair, Volume 1, is currently in reviewl it covers all
aspects of centrifugal pump repair.

A third manual, Bearing Handling and Maintenance for Extended Oper-
ating Cycle, is currently being written for NAVSEC 6107. Designed specif-
ically for Site Teams and IMAs, it covers the procedures to be used in the
removal and installation of NT-3 (noise-tested) bearings in electric motors
on submarines.

Information from all three of these manuals is applicable to centrif-
ugal pump repair at the shipboard level, especially in the areas of in-
spection, measurement, and repair techniques. A comprehensive centrifugal
pump repair manual that combines all of the information in those previously
described should be developed and made available at the organizational
level to augment the manufacturers' technical manuals. it should include
procedures for all aspects of centrifugal pump repair, from the use of
the shipboard tag-out procedures to the final quality assurance check
when the pump is returned to service. As a minimum, it should address
wearing ring installation, ball bearing fit-up criteria, ball bearing
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handling and installation (including the use of ball bearing heaters),
alignment (both shaft and flange-to-flange alignment), and proper repair
techniques (including the use of bench rests, precision measuring
instruments, and Quality Control).

It is recommended that Ship's Force personnel be provided with a
suitable Centrifugal Pump Repair Manual to improve the organizational-

level maintenance effort.

3.1.1.3 Elestric Motor Winding Insulation

IMAs are currently rewinding motors in accordance with NAVSEA 0900-
LP-060-2010, Technical Manual, Electrical Machinery Repair, Volume 1,
Electric Motor Repairs. This was developed as a "bench type" manual for
implementation by TYCOMs in IMAs. The information and procedures are
clearly presented and are easy to follow. A visit to two IMAs revealed
that the Shop Qualification Improvement Program (SQIP) has been instru-
mental in expanding the use of NAVSEA 0900-LP-060-2010. Excerpts from the
technical manual are being used routinely in the Rewind Quality Assurance
Program. The rewound motors resulting from this procedure have drip-proof
windings, but they are not considered adequate to provide enough protection
from the high-moisture environment of pump rooms, engine rooms, and fire-
rooms. In an effort to improve the existing moisture-proofing of electric
motors, NAVSEC is investigating the use of a "sealed insulation system".
this new system uses different varnishes and a vacuum-pressure impregnation
1,rooedure that shows promise of effectively reducing the number of electric
motor rewinds resulting from moisture entering the windings. The detailed
procedures for rewind and vacuum-pressure impregnation of an electric motor
are n,., under review by NAVSEC.

Sealed-insulation electric motor rewinds will be accomplished
I: by certified Judustrial activities within the next calendar year. The

certification process will be conducted under the auspices of NAVSEC and
•ill Include such tests as operating a rewound motor under water (a require-
ment for certification only and not a production quality control test due
to iydrodynau:4c force considerations). A major drawback to full imblemen-
tation of the sealed insulation system is the problem that will be encoun-
tered by IMAs in attempting a conventional rewind on a motor equipped with
the sealed insulation system. Conversations with NAVSEC and AD-38 Rewind
Shop parsunnel indicate that conventional burn-out-oven procedures for
Jnsulation and winding removal cannot be utilized with the sealed insula-
tion system. Special equipment in the form of winding cutters, pullers,
and burners will be required if IMAs are to rewind electric motors equipped
with a sealed insulation system. NAVSEC and TYCOM technical codes are
inasstigating procedures and special equipments required to provide IMAs
with tle capability to remove sealed insulation system windings and rewind
nlect'ic motors using conventional procedures and insulation when a certi-
jied industrial facility is not available.
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The sealed insulation system, when implemented, promises to be an
excellent long-term solution to the high rate of electric motor rewinds

for motors subjected to high-moisture environments. It is therefore
recommended that a procedure be developed to rewind firepump electric
motors utilizing the sealed insulation system.

3.1.1.4 Ball Bearing Installation Procedures

Cognizant technical personnel at the Naval Ship Research and Develop-
ment Center (NSRDC), Annapolis, Maryland, currently involved in ball bearing
failure-rate testing reported that the quality of the ball bearings cur-
rently in the Navy Supply System is excellent. It appears, then, that
other factors must be responsible for the high failure rate. NSRDC
personnel have indicated that the most important factors are:

a Improper ball bearing installation procedures

0 Noncompliance with ball bearing fit-up criteria

0 Misalignment of the pump/motor shaft

IMAs are installing ball bearings in rewound electric motors in accordance
with NAVSEA 0900-LP-060-2010, Technical Manual for Electrical Machinery
Repair, Volume I, Chapter 1, Sections 6 and 7. According to technical
personnel at NAVSEC and NSRDC, Annapolis, Maryland, the procedures and
fit-up criteria used in bearing replacement on electric motors are ap-
plicable to most centrifugal pump applications as well.

Discussions with Ship's Force personnel indicated that bearing removal
and installation practices varied greatly from ship to ship depending on
the experience of the individual performing the maintenance. Neither
bearing heaters nor bearing presses are normally available on DDG-37 Class
ships. Consequently, bearings are being preheated in galley ovens or
with torches. Bearings that are not preheated are normally tamped on with
brass stock being used as a buffer.

A section of the recommended Centrifugal Pump Overhaul Manual should
be devoted to standardizing specific procedures to be employed by Ship's
Force in ball bearing removal, handling, storage, and installation.

It is recommended that the following actions be taken:

Provide Ship's Force maintenance personnel with suitable ball
bearing heaters.
Ensure that a section of the recommended Centrifugal Pump Overhaul

Manual contains a section on ball bearing removal and replacement.

3.1.2 General Centrifugal Pump Maintenance Strategy

Conversations with cognizant shipboard maintenance personnel revealed
that many of the normal repair actions on centrifugal pumps can be
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accomplished by ship's Force personnel. Specific repairs that normally
cannot be accomplished by these personnel include the following:

0 Pump casing repairsI Pump shaft manufacture

• Pump motor balancing

Electric motor rewind

* Electric motor shaft manufacture or replacement (a press ts
required to remove and replace the rotor)

* Steam turbine wheel repairs and balancing

These repairs to the FJremain and Auxiliary Macthinery Cooling Water
Systems can be accomplished by either depot or IMA maintenance personnel.
Full-scale Class "B" overhauls of steam turbines can be performed by IMAs,
but depot-level industrial activities are preferred since they are better
suited, having better-equipped facilities and more experienced personnel.

It is reconmended that all Firemain and Auxiliary Machinery Cooling
Water System maintenance, except for overhaul of the firepump turbines, be
accomplished at the organizational and IMA levels. Firepump turbine over-
haul should be accomplished at a depot-level industrial activity.

3.2 FIREMAIN SYSTEM

The DDG-37 Class Firemain System contains six 500-gallon-per-minute

(gpm) single-stage, horizontal centrifugal pumps -- four electric-motor-
driven and two steam-turbine-driven. Figure A-1 of Appendix A is a line
diagram of the typical DDG-37 Firemain System showing the pumps, their
location, and how they are numbered. Table 3-4 identifies the type of
driver and location of the firepumps of the Firemain System.

Table 3-4. DDG-37 CLASS FIREPUMP DRIVERS AND LOCATIONS

Pump Driver LocationNumber

1 Motor No. 1 Pump Room (Forward Pump Room)

2 Turbine No. 1 Fire Room (Forward Fire Room)

3 Motor No. 1 Engine Room (Forward Engine
Room or Main Control)

4 Turbine No. 2 Fire Room (After Fire Room)
5 Motor No. 2 Engine Room (After Engine Room)
6 Motor No. 2 Pump Room (After Pump Room)
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3.2.1 Firepump Improvement Program

A DART Management Program for firepump improvement was implemented
in July 1971. The principal problems associated with the firepumps were
identified as erosion and corrosion of the cast gun-metal pump casings.
As a result of the DART Program, steps were taken to reduce these problems

by procuring stainless steel casings and revising the military specifica-
tion for future procurements of centrifugal pumps. The revised material
specifications for salt water firepump manufacture are:

a Casings and impellers of stainless steel

SCasing wearing rings of monel

• Ringless impellers

• Mechanical seals

Appendix C provides a comparison of the original firepump specification
and the specification that was modified as a result of the DART Program(MIP-P-1739D).

To date, only 8 of 60 DDG-37 Class firepumps have stainless steel
casings installed, and the degree of pump reliability improvement achieved
through the DART Progzam haa yet to be determined. These eight pumps are
nearly identical to the Warren Type -3 DBH-10 except that Lhe pump casings
are made of stainless steel, and they are supported by APL 016021445.
Table 3-5 lists the ships having stainless steel firepump casings.

Table 3-5. STAINLESS STEEL FIREPUMP CASINGS (APL 016021445)

Hull Quantity Pump Date Installed
Number Number

DDG-38 1 Unknown March 1975

DDG-39 1 3 June 1976

DDG-40 1 Unknown September 1975

DDG-42 1 Unknown June 1975

DDG-44 2 3 and 5 May 1975 and April 1976

DDG-46 2 Unknown February 1976 and November 1976

Visits to three DDG-37 Class ships, two of which had the new stainless
steel pumps installed, revealed that only one of the ships had the correct id
APL for the new pump. Two ships were repirting maintenance data for the
stainless steel pumps under the old APL (016020494) for the cast gun-
mietal pump casing. No MDS data had been reported against APL 016021445
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for the stainless steel pumps as of 20 October 1976. Ship's Force
personnel operating the new pumps reported that during the limited
period of operation, the pumps seemed to be rEliable and required little
mairntenance.

It is recommended that APL 016021445 be provided to all ships with
stainless steel firepumps and that steps be taken to assure that shipboard
allowances for spare parts are adequate.

3.2.2 Warren Type -3 DBH-10 Firspump

3.2.2.1 Background

The Warren Type -3 DBH-10 firepump is a horizontal, centrifugal, split-
casing volute unit equipped with a double suction impeller, external grease-
lubricated ball bearings and internal water-lubricated sleeve bearings. The
pump is supported by APL 016020494. It can be driven by either a steam
turbine, supported by APL 057950042, or an electric motor, supported by
APL 174750564, depending on the particular configuration of the pump.
Torque is transferred from driver to pump via a flexible coupling manu-
factured by the Falk Corporation and supported by APL 782350005.

All firepumps installed on the DDG-37 Class are normally started and
stopped manually. This can be accomplished remotely for firepumps 1, 3,
5, and 6 (all electric-motor-driven). Numbers 2 and 4 use 600 psi auxiliary
steam eas a prime mover, and their operation requires that a main boiler be
steaming. Since they are turbine-driven, they must be started and stopped
locally. Firepumps 3 and 5 are equipped with an automatic start feature
that is actuated by a flow switch in the piping of the Terrier missile
booster suppression system. If a fire started in the missile magazine and
the automatic booster suppression system went into operation, the firemain
pressure would drop significantly because of the increased flow of the
firemain to the booster suppression nozzles. The flow switches in the
system would sense the flow and automatically start firepumps 3 and 5,
which would augment the firemain. If fireptamps 1, 2, 4, or 6 had to be
started manually, there would be an attendant loss of time to bring the
firemain pressure up. The automatic-start capability of firepumps 3 and 5
therefore plays a critical role in the security of the missile magazine
and, ultimately, the ship itself.

Conversations with three DDG-37 Class ship Engineer Officers indicated
that the steam-turbine-driven firepumps (2 and 4) are normally operated
when the ship is either under way or moored and steaming auxiliary. The
electric-motor-driven firepumps (1 and 6) located in normally unmanned
pump rooms are reserved for emergency in port use only and as a xesult are
operated sparingly. The electric-motor-driven firepumps in the engine
rooms (3 and 5) are operated primarily in port or as a back-up when the
ship is under way and either the No. 2 or No. 4 turbine-driven firepump is
out of commission for repairs of PMS checks. As a result, firepumps 3 and
4 are operated more than the other firepumps.
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Normal operating procedure dictates that a minimum of two firepumps
be on the line at all times. Some ships report being able to maintain 125
psig on the firemein with only one pump, but this is more the exception

than the rule. The Ship's Information Book (SIB) for DDG- 3 7 Class ships
[SIB, DLG-9 (DDG-40), NAVSHIPS 0905-475-4010, Volume I] has a table of
"sample firepump combinations with missiles aboard" showing various fire-
pump combinations that can be used during various material conditions of
readiness. The SIB places no restriction on the underway operation of
firepumps 1 or 6. In actual practice, the provisions of the SIB are not
being followed, as indicated by the Engineer Officers of all three DDG-37
Class ships visited. They stated that because of their location, they did
not operate firepump 1 or 6 while the ship was under way for fear that the
pitching of the ship in a seaway could cause a loss of suction to the pumps
and thus damage the internal parts.

Further investigation revealed that the sea chest providing sea suction
for firepump 1 is located at approximately frame 16 and is near the forefoot
of the hull. In a heavy seaway, accompanied by the pitching motion of the
bow, it is possible that this pump could lose suction because of (1) emer-
gence of the sea chest or (2) hydrodynamic flow separation in the vicinity
of the sea chest. However, this possibility is considered minimal since
the No. 1 firepump sea chest is shared with the suction line from the No. 1
Emergency Diesel Generator Salt Water Circulating Pump and the Emergency
Diesel has no restriction against operating in heavy weather conditions, if
necessary, to provide emergency power.

Similarly, the sea chest providing sea suction for firepimp 6 is
located at approximately frame 191 and is in the stern cut-away section
of the hull. It is shared with the suction line from the No. 2 Emergency
Diesel Generator Salt Water Circulating Pump. This Emergency Diesel
Generator is also designed to operate without restriction in heavy weather
conditions, if necessary, to provide emergency power. The No. 6 firepumps
on all DDG-37 Class ships, except DDG-43 and DDG-44, are provided with a
wet vacuum pump and priming valve for priming the pump on start-up. This
arrangement also affords a measure of protection against loss of suction
when the ship backs down since propeller backwash could create turbulence
in the area of the sea chest, causing the pump to become airbound. Since
there is no recorded evidence that firepumps 1 and 6 have ever lost suction
during underway operation and there is no recorded restriction on their
underway operation, it is concluded that these firepumps can be operated
safely while the ship is under way with little danger of loss of suction.
It is therefore recommended that a uniform firepump operating policy be
promulgated and that the operating times on the firepumps be changed in
such a way as to distribute the maintenance burden evenly. (The following
sections identify the differences in maintenance burden experienced by the
various pumps and their associated drivers.)

3.2.2.2 Overview of Pump Maintenance Burden

MDS data, as shown in Table 3-1, revealed that the maintenance man-
hour burden associated with the firepump accounted for 50 percent of the
total man-hout burden reported against the selected Firemain System APLs.
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Parts usage information shown in Table 3-2 is indicative of the types of
repair parts historically required for maintenance actions during the data
period.

CASREP analysis revealed that 18 reports were submitted against the
firepump during the period 1 July 1973 to 30 June 1976. This represents
32 percent of the total CASREPs submitted against the entire system and
corresponds to an average CASREP submittal rate of 0.86 CASREPs per ship
operating year for the firepumps. An average CASREP submittal rate for
the Firemain System during the CASREP data period was 2.68 CASREPs per
ship operating year (see Appendix B).

Discussions with Ship's Force, IMA, SIMA, and NAVSEC personnel indi-
cated that the firepump was a high-burden item. From these discussions,
a typical significant maintenance action for the firepump was defined as

repair or replacement of the following%

0 Wearing rings

* Bearings
R Rotor assembly

, Shaft

* Impeller

c Casing

Flexible coupling

The specific maintenance-related problems associated with each of the
listed firepump components are addressed in the following sections.

3.2.2.3 Wearing Rings

The Warren, type -3 DBH-10 firepump, supported by APL 016020494, was
originally manufactured with a cast gun-metal casing, cast gun-metal impel-
ler wearing rings, a mona1 impeller, and cast bearing-bronze casing wearing
rings, with the casing wearing rings being of a softer metal than the

impeller wearing rings (see Appendix C). The original impeller wearing
rings (gun metal) were interference-fitted to the monel impeller and held
in place with set screws. The direct contact of the two dissimilar metals
resulted in a galvanic-corrosion problem. This same problem was found to
exist at the interface between the gun-metal pump casing and the bronze
casing wearing ring. In the latter case the problem was less severe because
of the rubber O-ring seal between the casing wearing ring and the casing.
A result of the DART firepump improvement program was to change the wearing
ring material as follows:I Change the impeller wearing rings from gun metal to stainless steel

6 Change the casing wearing rings from bronze to monel
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An Item Description (Form DD-146) readout was conducted on 11 October
1977 by personnel in the technical section of SPCC Mechanicsburg, Pa.,
to determine the material composition of the firepump wearing rings cur-
rently stocked in the Naval Supply System. This inquiry revealed that
the casing wearing ring material is monel, which is in accordance with
NAVSEC recommendations, but the impeller wearing ring material currently
stocked is stainless steel, Class 303, which is not an acceptable material.
Conversations with NAVSEC Code 6153 indicated that the use of Class 303
stainless steel impeller wearing rings on a monel impeller in a firepump
is unsuitable for salt water applicationn and that the galvanic corrosion
at the stainless steel-monel interface would be greater than that
experienced with the original monel impeller and gun-metal wearing ring.

Table 3-6 shows the composition of the firepump wearing rings currently
stocked in the Navy Supply System.

Table 3-6. WEARING RINGS IN SUPPLY SYSTEM

NSN Description Material

9C 4320-00-479-8861 Casing Wearing Ring Nickel-copper alloy (monel),
QQ-N-288, Composition B or D

9C 4320-00-541-9064 Casing Wearing Ring Original casing wearing ring
(Replaced by NIIN 479- made of bronze
8861 effective 2/73)

9C 4320-00-479-8862 Impeller Wearing Ring Stainless steel, QQ-S- 7 63,
Class 303, Composition A

9C 4320-00-541-9065 Impeller Wearing Ring Original impeller wearing
(Replaced by 479-8862 ring made of gun metal
effective 2/73)

The recommended near-term solution is to replace the currently in-
stalled Class 303 stainless steel impeller wearing ring with one manufac-
tured from monel, QQ-N-288, Composition B or D. This will entail aosigning
a new NSN for the monel wearing ring and revising APL 016020494 to reflect
the change in material support. These recommendations are compared in
Appendix C with currently stocked Navy materials.

3.2.2.4 Bearings

The fireptimp is equipped with two externally grease-lubricated ball
bearings, a thrust bearing consisting of a size 307 double ball bearing and
a size 307 single ball bearing. Table 3-2 shows that the thrust bearing
was replaced 225 times and the single bearing 219 times during the data
period.
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Comments of NSRDC personnel reported in Section 3.1.1.4 suggest that
the bearings stocked in the Navy Supply System are perfectly adequate for
their intended use. However, it was further stated that current bearing
installation practices used in the Fleet are varied and are of marginal
acceptability, resulting in the high rate of bearing replacement noted.
The provision of a comprehensive centrifugal pump overhaul manual for
individual ships, as recommended in Section 3.1.1.2 of this report, could
reduce the number of bearing replacements.

During analysis of the firepumps, it was further noted that the pro-
cedure currently used to grease the ball bearings does not ensure that the
old grease in the ball bearing is purged and replaced by new grease. This
may have contributed to the high bearing replacement rate by not allowing
an adequate flow of new grease. The existing drain plug on the bearing
housings is directly below the grease cup or zerk fitting, and it is pos-
sible that the fresh grease will flow directly out of the drain hole.
The lubrication procedure could be improved by moving the drain hole to
the opposite side of the ball bearing, thus forcing new grease to flow
through the bearing in such a way as to ensure that fresh grease is intro-
duced to the contact points of the ball bearings and the old grease is
flushed out. Figure 3-1 graphically describes the proposed change.

&m~dpresen

• proposed

4 i. loo on of
1, 14" pipe plqy

Figure 3-1. TYPICAL FIREPUMP BEARING AND HOUSING
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It is recommended that a ShipAlt be developed to implement this recom-
mended firepump bearing housing change on both bearings of the installed
firepumps of the DDG-37 Class.

3.2.2.5 Casing s

Table 3-7 shows the number of reported significant casing-related
maintenance actions per pump. Firepumps 3 and 5 had far more reported
casing repairs than the other four firepumps. The MDS narratives indi-
cated that erosion of the pump casings was a serious problem. Section
3.2.2.1 addressed firepump utilization-on DDG-37 Class ships, indicating

Table 3-7. CASING REPAIRS

Number ofPump Actions Requiring Percent
Number CsnRear* of TotalII Casing Repairs*

1 2 6.5

2 2 6.5

3 13 42.0

4 0 0.0

5 10 32.0

6 4 13.0

Total 31 100.0

*All ships of the DDG-37 Class.

that historically firepumpo 3 and 5 were operated more than the other four

installed firepumps. The fact that they have experienced more problems
with pump erosion tends to confirm that they are used more. Since the
pump casings on all six installed firepumps are identical, it is con-
cluded that the higher utilization of pumps 3 and 5 is responsible for
their higher rate of pump casing repairs. Operating all firepumps on an
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equal operating basis, as recommended in Section 3.2.2.1, will tend to
distribute the pump casing erosion problems across all six installed
firepumps, but it will not eliminate the problem. One of the principal
recommendations of the DART Program, discussed in Section 3.2.1, was
the revision of MIL-P-17639 to provide for the use of stainless steel in
pump casing manufacture to prevent problems due to casing erosion and
corrosion. Therefore, it is recommended that a ShipAlt be developed to
install stainless steel casings on all DDG-37 Class ship firepumps as
they become available. On the basis of current pump utilization, pumps
3 and 5 should be given priority for stainless steel pump casings. Until
this ShipAlt can be implemented, erroded cast gun-metal casings should
continue to be repaired as necessary.

Pump casing rebuilding and machining are beyond the capabilities of
Ship's Force maintenance personnel. The USS PUGET SOUND (AD-38) has had
success in the repair of eroded cast gun-metal casings by using a pre-
machined filler piece that is then seal-welded to the machined areas of
erosion. RAM Enterprises, a civilian contractor engaged in cast gun-
metal pump repairs, builds of the eroded areas directly by welding on new
material and then machining it down. Both methods give good results for
the short term. Data on long-term performance of pumps whose casings have
been repaired by either method is not available. NAVSEC should determine
which of the two methods currently being employed provides the best long-
term results and establish uniform casing repair procedures. The long-term
solution to gun-metal casing erosion is the use of stainless steel pump
casings as discussed earlier.

3.2.2.6 Flexible Couplings

The flexible coupling between pump and driver is a grid-type flexible
coupling manufactured by Falk Corporation (APL 782350005). The two coup-
ling halves are rough-bored by the manufacturer and require additional
machining before installation. Both halves require a tapered inside
machine cut for proper fit-up.

The coupling is not considered to be a significant problem since only
36 of 60 were replaced during the data period. Normally one entire coup-
ling is carried on board plus one spare grid. Repair by Ship's Force
becomes a problem only if they are unable to machine the taper required
for the on-board spare. This potential problem is related to the engine
lathe problems discussed in Section 3.1.1.1. The two primary contributing
factors in flexible coupling wear are improper lubrication and misalignment.

Both of these problems can be reduced by providing a centrifugal pump over-
haul manual to Ship's Force, as recommended in Section 3.1.1.2, which would
give detailed instructions for proper installation and alignment.
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3.2.2.7 Frequency of Repair

In order to determine the mean time between significant firepump main-
tenance actions, MDS narrative data were examined in detail, and 241 sig-
nificant maintenance actions (as defined in Section 3.2.2.2) were found to
have been accomplished during the data period. Table 3-8 summarizes the
identified significant maintenance actions by firepump number, the number
of actions accomplished by IMA and Ship's Force maintenance personnel, and
the mean time between significant maintenance actions in months. The mean
time between significant maintenance actions was calculated by using a
Weibull hazard plot*. The data period used fov the Weibull analysis extended

from the date of the first significant maintenance actions to the end of the

Table 3-8. SIGNIFICANT MAINTENANCE ACTIONS FOR FIREPTIMPS (PUMP ENDS)

Maintenance Actions Mean Time Between
- - -Significant

Pump Driver IMA Ship' Total Percent Maintenance
Force of Total Actions in Months*

1 Motor 9 21 30 12 22

2 Turbine 11 25 36 15 16

3 Motor 32 32 64 27 9

4 Turbine 11 13 24 10 21

5 Motor 23 36 59 24 11

6 Motor 11 17 28 12 21

Total 97 144 241 100

Percent 40 60 - -

of Total

*The mean times between significant maintenance actions were cal-

culated by using the censored data as described in Appendix D.

*"Hazard Plotting for Incomplete Failure Data", W. Nelson, Journal of Quality
Technology, No. 1, pp 27-52, 1969. The Weibull Hazard plot was also used
for subsequent calculations of mean time between significant maintenance

actions (Tables 3-10, 3-11, 3-1.3, and 3-15).
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MDS data period. The time spent in RON and RAV was not considered; however,
becausa of the method of determining the starting point for the Weibull
analysis, the Weibull analysis period does not equal the ship operating
years. Appendix D presents the data used to calculate the means.

Table 3-8 indicates that tirepumps 3 and 5 accounted for 27 percent
and 24 percent, respectively, or more than 50 percent of the total signif-
icant maintenance actions, and had the shortest mean time between signifi-
cant maintenance actions. With the exception of the drivers, all of the
pumps are identical, therefore, the most logical reason for the higher
maintenance burden and lower mean time between significant maintenance
actions is an operating time difference between the firepumps. Conversa-
tions with Ship's Force personnel, as discussed in Section 3.2.2.1, confirm
that firepumpa 3 and 5 are in fact operated most, followed by pumps 2 and
4, and 1 and 6. The principal problem associated with routinely operating
firepumpe 3 and 5 rather than the other firepumps is the reduction in the
effectiveness of their automatic start capability in the event the booster
suppression system is activated. Firemain augmentation in support of the
booster suppression system is automatically accomplished if firepumps 3
and 5 are secured and set to start automaticallyl however, if they are
already in operation, firepumps 1 and 6 have to be manually started, with
an attendant loss of time to bring the firemain pressure up.

It is therefore recommended that a uniform policy for firopump opera-
tion on thn DDG-37 Class be established by TYCOM to equalize the mainte-
nance required between the installed firepumps and to assure maximum safety
in the event the booster suppression system is activated.

3.2.2.8 Maintenance Strategy

This analysis has shown that the mean time between significant main-
tenance actions is short. Since redundancy is built into the firemain
system (2 of 6 firepumps required for normal system operations) and all
firepump repairs are within the capability of either Ship's Force or an
IMA, it is concluded that a run-to-failure maintenance strategy should
be adopted for the firepunips. There is no penalty for an in-service
failure, because (1i the firepwups arc redundant and (2) there is no
significant difference in the maintenance burden associated with a routine
open-and-inspect procedure and that associated with a normal firepump
repair resulting from an in-servioce failure.

qu it is further recommcnded that the annual open-and-inspect PMS re-
quirement for bo t he electric-motor-driven and the turbine-driven fire-
pumps be changed to a situation requirement. The man-hour requirements
should also be increased from 8 to 16 hours on the basis of ship visit
inquiries. This check would then be accomplished when the firepump was
opened for corrective maintenanco.

I2
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3.2.2.9 Recommendations

The following is a summary of the recommendations applicable to the
Warren Type -3 DBH-1O firepump:

Near Term

TYCOM establish a uniform firepump operating policy to:
- Operate firepumps 2 and 4 whenever steam is available.

- Operate firepumps 1 and 6 in port or when under way when
firepumps 2 and 4 are not available.

- Keep firepumps 3 and 5 not up for automatic start to themaximum extent possible (if this is accomplished, thepriority for stainless steel pump replacement changes since

firepumps 3 and 5 will operate less than the other 4 fire-
pumps and thus should not be replaced by stainless steel
firepumps before the other 4).

Change the material requirements for the impeller wearing rings
of the firepumps supported by APL 016020494 from stainless
steel, Class 303, to monel, QQ-N-288, Composition B or D.

Assign an NSN to the monel impeller wearing ring, and revise
APL 016020494 accordingly.

NAVSEC determine the best method for gun-metal casing repair
and promulgate uniform repair instructions.
Jse a run-to-failure maintenance strategy for the installed
firepumps of the DDG-37 Class as discussed in Section 3.2.2.8.
Change the periodicity of NRC C3-C91K of MIP E-28/252 and
MRC 55-G81Q-N of MIP E-37/51 from Annual (A) to Situation
Requirement (R).

Long Term
Provide a comprehensive centrifugal pump overhaul manual, as
discussed in Section 3.1.1.2, to individual ships to standardize
bearing removal and installation procedures.
Develop a ShipAlt to implement the recommended change in thefirepump bearing housing vent drain as described in Figure 3-1.

Develop a ShipAlt to install stainless steel casings on all
DDG-37 Class firepumps.

** Ensure that all DDG-37 Class ships are equipped with a fully
operational lathe as discussed in Section 3.1.1.1.
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3.2.3 Reliance 60 HP Firepump Electric Motor

3.2.3.1 Background

The electric motor for firepumps 1, 3, 5, and 6 on the DDG-37 Class
is a 60 hp, 3600 rpm, 3-phase, 440 volt, drip-proof protected motor manu-
factured by the Reliance Electric and Engineering Company. The motor is
supported by APL 174750564.

The recommendation made in Section 3.2.2.1 concerning the historical
and proposed operating modes of the installed firepumps is applicable to
the f.repump electric motors. In particular, the automatic start features
of pumps 3 and 5, the remoteness of pumps 1 and 6, and the unequal opera-
ting times are especially pertinent to the following discussions.

3.2.3.2 Overview of Motor Maintenance Burden

?MDS data, as shown in Table 3-1, revealed that the maintenance man-
hour burden associated with the fireptup electric motor accounted for 25

* percent of the total man-hour burdens reported against the selected Firemain
System APLs. Parts usage information shown in Table 3-2 is indicative of
the types of repair parts historically required for maintenance actions
during the data period.

CASREP analysis revealed that 26 reports were submitted against fire-
pump motors during the period 1 July 1973 to 30 June 1976. This corresponds
to an average CASREP submittal rate of 1.24 CASREPs per ship operating year
for the firepump motor.

Discussions with Ship's Force, IMA, SIMA, and NAVSEClpersonnel indi-
cated that the firepump motor was one of the high-maintenance-burden items
in the Firemain System. From these discussions, typical significant main-
tenance actions for the firepump motor were defined as follows:

* Rewinds

4 Bearing replacement
• Shaft replacement

The specific maintenance-related problems of the firepump motor
components are addressed in the following sections.

3.2.3.3 Rewinds

A review of MDS narratives revealed that 67 firepump motor rewinds
were accomplished during the data period. Table 3-9 lists the number of
rewinds on each of the installed firepump motors. It shows that firepwup
motors 1 and 6 have experienced more rewinds than 3 and 5. Comments con-
cerning firepump utilization in Section 3.2.2.1 confirmed that pumps 3 and
5 were operated more than 1 and 6. Therefore, there appears to be a corre-
lation between the relatively low firepump operating time and a high rate
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Table 3-9. FIREPUMP ELECTRIC
MOTOR REWINDS

Percent
Motor Rewinds ofrTotid of Total

1 21 31

3 12 19

5 7 11

26 39

Total 67 100

of required firepump motor rewinds for firepumps 1 and 6. No firm data
were found to support the theory that higher electric motor use equated to
fewer motor repairs, but a logical explanation can be postulated. Since
firepump motors 3 and 5 were almost always operating, they remained warm
and did not allow condensation and collection of water in the windings.
Also, the fact that firepump motors 1 and 6 had more rewinds may be account-
ad for by their being located in poorly ventilated, remote, unmanned pump
rooms, where humidity is high. When these pumps are not run for extended
intervals, condensation forms in the windings. This can result in grounds
In the windings and may well cause a motor to burn out upon start-up. A
near-term solution is to establish a PMS requirement to operate firepumps 1
and 6 daily to warm up and dry out the electric motor windings. Equaliza-
tion of the use of the firepump motors would increase the use of firepump
motors 1 and 6, which should also help to reduce the number of motor rewinds.
A long-term solution is the implementation of a procedure for rewinding
firepump electric motors using the sealed insulation system (discussed in
Section 3.1.1.3), which is less susceptible to grounding from moisture.

3.2.3.4 Bearings

The firepump motors are equipped with two double-shielded ball bearings.
Table 3-2 shows that both bearings experienced a high rate of replacement
during the data period. There were no firm data to indicate a problem with
these bearings other than the problems concerning installation and removal
procedures discussed in Section 3.1.1.4. Therefore, it is recommendild that
Ship's Force personnel be provided with a comprehensive manual that would
standardize ball bearing removal and installation procedures. This should
reduce the number of bearing replacements required.

3.2.3.5 Shaft Replacement

A shaft must be replaced when it is bent or the area of the bearing
journals cannot be dressed up adequately to permit bearing installation in
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accordance with the fit-up criteria required for that size bearing. The
principal cause of bent shafts and scored journals is the improper use of
bearing pullers during bearing removal. A reduction in shaft replacements
would be realized by the use of a suitable Centrifugal Pump Overhaul Manual
as discussed in Sections 3.1.1.2 and 3.1.1.4.

3.2.3.6 Frequency of Rapairs

To determine the mean time between significant firepump motor mainte-
nance actions, MDS narrative data were examined in detail, and 97 signifi-
cant maintenance actions (as defined in Section 3.2.3.2) were found to have
been accomplished during the data period. Tahle 3-10 summarizes the sig-
nificant maintenance actions by firepump motor number, the number of actions
accomplished by IMA and Ship's Force maintenance personnel, and the mean
time between significant maintenance actions.

Table 3-10. SIGNIFICANT MAINTENANCE ACTIONS FOR FIREPUMP MOTORS

Maintenance Actions Mean Time Between
-.-.- Significant

Motor IMA Ship's Total Percent Maintenance
Force of Total Actions in Months*

1 27 4 31 32 19

3 13 8 21 22 38

5 7 3 10 10 43

6 27 8 35 36 14

Total 74 23 97 100

Percent 76 24 - -

of Total

*The mean times between significant maintenance actions were cal-
culated by using the censored data as described in Appendix D.

Table 3-10 indicates that the firepump motors 1 and 6 accounted for
68 percent of the significant maintenance actions and had a mean time be-
tween significant maintenance actions considerably lower than that of
firepump motors 3 and 5. This difference is due primarily to the higher
rewind rate of motors 1 and 6 as discussed in Section 3.2.3.2. For the
near term, the number of electric motor rewinds required should be reduced
by the implementation of the recommendations made in Section 3.2.3.3 to
operate firepumps 1 and 6 daily to warm up and dry out the electric motor
windings and the recommendations of Section 3.2.2.1 to establish a uniform
firepump operating policy to distribute the operating times evenly.
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A long-term solution is provided in the recommendations of Sections
3.1.1.3 and 3.2.3.3 to incorporate firepump motors having a sealed
insulation system.

3.2.3.7 Maintenance Strategy

A run-to-failure maintenance strategy is recommended for the firepump
motors. This strategy is in line with the recommended stratcgy for the
pump ends as described in Section 3.2.2.8. It is predicated on the fact

that motor rewinds are almost impossible to predict since they are usually
caused by environmental factors which will not be reduced or eliminated by
preventive maintenance on the motor windings until the motor windings have
improved insulation.

3.2.3.8 Recommendations

The following is a summary of the recommenda-tions applicable to the
Reliance 60 hp Firepump Electric Motor;

Near Term

Establish a PMS requirement to operate firepumps 1 and 6 daily
to warm up and dry out the electric motor windings.

** Equalize the operating times of the electric-driven firepumps
as discussed in Section 3.2.4.1 to aid in the prevention of
motor rewinds on 1 and 6.

Use a run-to-failure maintenance strategy
Long Term - Implement a procedure to rewind the firepump electric
motors using the sealed insulation system on all four electric-

motor-driven firepumps but with priority given to firepump motors
1 and 6.

3.2.4 Whiton Type BFSCS Firepump Turbine

3.2.4.1 Background

The Whiton type BFSCS turbine is a single-stage, radial flow, multi-
impulse steam turbine supported by APL 057950042. Constant firepump dis-
charge pressure is regulated by a Leslie Pump Pressure Regulator supported
by APL 882260195, and turbine maximum speed is limited by a speed-limiting
governor that is integral to the turbine unit. The turbine and pump have
separate foundations that rest on a common bedplate. They are connected
via a flexible coupling.

3.2.4.2 Overview of Turbine Maintenance Burden

MDS data, as shown in Table 3-1, revealed that the maintenance burden
associated with the firepump turbine and regulator accounted for 23 percent
of the total man-hour burden reported against the selected Firemain System
APLs. Parts usage information in Table 3-2 shows the repair parts that
have had a significant replacement history during the data period.
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CASREP analysis revealed that five report;s were submitted against the
firepump turbine and regulator during the period 1 July 1973 to 30 June i

1976, corresponding to an average CASREP submittal rate of 0.24 CASREPs per
ship operating year.

Discussions with Ship's Force, IMA, SIMA, and NAVSEC rersonnel indi-
cated that the f.repump turbine is considered to be a low-maintenance-
burden item and is fairly reliable. The major effort by Ship's Force
centers on preservation of the turbine and its associated piping and re-
paiws to the pressure regulator. From these discussions, a typical signif-

icant maintenance action for the firepump turbine was defined as repairs
to or replacement of the following:

* Pressure regulator

6 Bearings

Carbon seals

The specific maintenance-related problems associated with each of the
turbine components are addressed in the following sections.

3.2.4.3 Pressure Regulator

All DDG-37 Class firepump turbines are equipped with a constant-
pressure regulator that monitors firespvrp discharge pressure and regulates
auxiliary steam to the firepurp turbine in such a manner as to maintain
firemain pressure at the designated set point.

Conversations with cognizant technical personnel revealed that the
majority of the repairs to the regulator dealt with replacement of internal
parts such as diaphragms, gaskets, power piston rings, and needle valves.
rhis type of part replacement can be accomplished by Ship's Force personnel
with the regulator in place in about 6 to 8 man-hours. This estimate is
based on discussions with Ship's Force technicians involved in maintenance
of the regulator.

As shown in Table 3-1, two different pressure regulators are installed
in the DDG-37 Class. The major difference between the two regulators is

4 shown as followst

APL Class Difference

882260195 PTLNS-4 Uses copper-asbestos gaskets
882260469 PTLNS-5 Uses spiral wound gaskets

Other minor differences not related to the maintainability of the
regulators include:

APL Body Material Remarks

882260195 CMO Steel Original design
882260469 Steel Revised design
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Manufacturer representatives reported that the PTLNS-5 (supported by
APL 882260469) is the newer version of the basic regulator. Both regulators
should provide reliable service during an extended operating cycle if they
are overhauled in accordance with TRS 0521-086-601. Cognizant repair
personnel and manufacturer representatives Indicated that overhauls accom-
plished by facilities other than the manufacturer have not been as success-
ful as overhauls accomplished by the Leslie Company. In the past year the
Leslie Company has entered into contracts with several Naval Shipyards
(PHNSY, CNSY, NNSY) to provide services for overhaul of regulators and
reducing valves, but a satisfactory overhaul of the regulator by an IMA or
depot should be possible if the overhaul is porformed in accordance with
TRS 0521-086-601.

It is recommended that all pressure regulators be overhauled during
BOH in accordance with TRS 0521-086-601. It is also recommendol that the
pressure regulator be overhauled again at each follow-on ROH. No other
maintenance except for routine repairs b•, Ship's Force (diaphragm, piston
rings, etc.) should be required during the intracycle.

3.2.4.4 Turbine Bearings and Seals

The firepump turbines on the DDG-37 Class ships are equipped with two
gun-metal babbitt-lined, split-half shaft bearings that support the turbine
rotor. MDS parts usage indicated that 133 percent of the class population
of shaft bearings were replaced during the data period.

A typical bearing failure results from loss of lube oil pressure to
the bearings, causing them to wipe. During replacement of the shaft bear-
ings, the carbon packing was also usually replaced. The loss of lube oil
was normally attributed to water in the lube oil or to a failure of the
swing check valve on the discharge side of the firepump.

Ship's Force personnel reported that one of the major causes of water
in the lube oil was condensation in the li'be c.1 sump during periods of
nonoperation. The adverse effects of water ,i the firepump turbine lube
oil are minimized by strict adherence to the lighting-off and securing
procedures set forth in the Engineering Operating Sequencing System (MOSS).
These procedures provide for draining off any water accumulated in the
lube oil sump prior to light-off.

A failure of the swing check valve causes the firepump to be driven
in reverse by firemain pressure, thus reversing the direction of the
firepump turbine rotor. The attached lube oil pump does not pump oil to
the journal bearings when it is running backwards; as a result, the turbine
journal bearings wipe because of oil starvation.

3.2.4.5 Swina Check Valve

Ship's Force personnel suggested that the 4.0" IPS swing check valves
installed on the discharge side of the electric-driven and turbine-driven
firepumps contributed greatly to the maintenance burden of the firepumps
since a failure of the swing check valve usually resulted in serious damage
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to the firepump motor or turbine. One ship of the class reported that the
failure of the swing check valve caused the firemain pressure to rotate an
electric firepump motor backwards. The reverse rotation of the motor and
pump shafts caused the pump sleeves to unscrew and jam the impeller and pump
shaft in the firepump casing. The firepump shaft had to be cut to facili-
tate removal. The failure of the swing check valve on the turbine-driven
firepump is even more catastrophic in that the turbine shaft is driven
backwards. The installed lube oil pump does not supply oil to the bearings
when opetating in reverse, and the resultant oil starvation at the wearing

[Ijti surfaces of the turbine journal bearings causes the bearings to wipe.

According to cognizant technical personnel, the swing check valves
sometimes "hang up" in the open position and fail to close as designed.
The reason for hanging open is usually a failure of the nut that fastens
the disc stud to the arm, which in turn is attached via a hinge arrangement
to the body of the valve. The failure of this nut causes the disc to
become cocked and not seat properly when the firepump is secured and the
firemain piessure forces the swing check (disc) to the closed position.
The disc, body, arm, and hinge of the valve are made of bronze, while the

* disc stud and nut are brasm. The nut appears to suffer from severe erosion
and some galvanic corrosion, which causes the disc to detach from the arm
and jam in the body. The nut can be replaced in approximately three to
five man-hours without removing the swing check valve from the system.

A near-term solution to the problem is to establish a PMS requirement
to inspect the condition of the hinge, stud, nut, and disc of the swing
check valve on a monthly basis. This would provide early detection of any
corrosion of the internal parts of the valve and reduce the frequency of
failures of the swing check valve and the resulting failure of the firepump;!I turbine.

MDS data showed that APL 882035712 was reported by fivq of ten
DDG-37 Class ships as the APL that supported the installed fireptup dis-
charge swing check valves. The remaining five ships of the class reported
MDS data for firepump swing check valves under several other APLs. A
review of TYCOM COSALs revealed that none of the APLs reported in the MDS
data are listed as being installed in DDG-57 Class ships. Since this dis-
crepancy exists, it is recommended that a COSAL validation be conducted to
ensure that the installed firepump swing check valves are supported by the
proper APLS.

3.2.4.6 Frequency of Repair

To determine the mean time between significant firepump turbine main-
tenance actions, MDS narrative data were examined in detail, and 34 signif-
icant maintenance actions (as defined in Section 3.2.4.2) were found to
have been accomplished during the data period. Table 3-11 summarizes the
identified significant maintenance actions by firepump turbine number,
the number of actions accomplished by IMA and Ship's Force maintenance
personnel, and the mean time between significant maintenance actions.
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Table 3-11. SIGNIFICANT MAINTENANCE ACTIONS FOR FIREPUMP
TURBINES

Maintenance Actions Mean Time Between
Significant

Turbine IMA Ship's Total Percent Maintenance
Force of Total Actions in Months*

2 7 11 is S3 25

4 4 12 16 47 32

Total 11 23 34 100

Percent 32 68 - -

of Total

*The mean times between significant maintenance actions were cal-
culated by using the censored data as described in Appendix D.

Two firepump turbine overhauls were reported for the data period. MDS
parts usage indicated that turbine journal bearings and carbon seals were
replaced in both instances. One overhaul wan accomplished by an IMA and
one by Ship's Force. Both overhauls were within 20 months of the end of
the data period, and no significant maintenance was accomplished after the
overhauls.

As shown in Table 3-11, the mean time between significant maintenance
actions was 25 and 32 months for firepumps 2 and 4, respectively. As
previously stated, the reported maintenance actions tended to center on
repairs to the pressure regulator and replacement of turbine bearings and
carbon seals.

3.2.4.7 Maintenance Strategy

The firepump turbine (including pressure regulator) is the only equip-
ment in the Firemain System recommended for Class "B" overhaul in accord-
ance with TRS 0521-086-601 during BOH and each follow-on ROH. In theory,
a turbine overhaul could be accomplished by an IMA; but, as discussed in
Section 3.1.2, overhaul by an industrial activity, with its special facil-
ities and more experienced personnel, is preferrad. In addition, the
removal of the entire turbine assembly, inclUding bedplate, to an industrial
repair shop would allow a complete and thorough inspection of the turbine
and would facilitate Ship's Force preservation of the firepump turbine
foundation and surrounding area.

Historical data indicate that the turbine, with the exception of the
pressure regulator, will normally operate satisfactorily during the period
from BOH to follow-on ROH with only minor corrective maintenance if the
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existing PMS requirements are accomplished. The cycle PMS check, which
requires opening the firepump turbine for inspection, will be accomplished
by the depot level during BOH and at each follow-on ROH as part of the
overhaul. (PMS check C-2, MRC 55-G8lS-N of rIP E-37/51-65, is normally
scheduled for accomplishment during shipyard overhaul, as per scheduling
aid on rIP E-37/51-65.)

A run-to-failure maintenance strategy is recommended during the

operating cycle for the firepump turbine.

3.2.4.8 Recommendations

The following is a summary of the recommendations applicable to the
Whiton Type BFSCS firepump turbines

Near Term

Ship's Force personnel continue to accomplish only routine
minor repairs to the pressure regulator, such as the replace-
ment of internal parts and gaskets. Neither Ship's Force nor
IMA maintenance personnel should attempt to machine or rebuild
internal surfaces of the pressure regulator unless they are
provided with the exact original dimensions.
Develop a monthly PMS requirement to open and inspect firepump
swing check valves on firepumps 2 and 4 to check the condition
of the hinge, stud, nut, and disc.

Adopt a run-to-failure maintenance strategy for the Whiton Type
BFSCS firepump turbine.

Long Term
Conduct COSAL validation to ensure that the installed firepump
swing check valves are supported by the proper APLe.
Depot level accomplish Class "B" overhaul of turbines at BOH
and each follow-on ROH in accordance with TRS 0521-086-601.

3.3 AUXILIARY MACHINERY COOLING WATER SYSTEM

The Auxiliary Machinery Cooling Water System contains two 500 gpm,
single-stage, horizontal, centrifugal, close-coupled, motor-driven volute
pumps that supply sea water to the auxiliary machinery cooling water mains
at 50 psig. Appendix A includes a line diagram of the typical DJG-37
Auxiliary Machinery Cooling Water System showing the pumps, their location,
how they are numbered, and how the Auxiliary Machinery Cooling Water System
interfaces with the firemain via an emergency supply reducer from the fire-
main to the Auxiliary Machinery Cooling Water System. Table 3-12 presents
selected pump information for this system.
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Table 3-12. AUXILIARY MACHINERY COOLING WATER PUMPS AND
LOCATIONS

Pump Pump Location Spaces Serviced

e No. 1 Fireroom Forward Systems No. 1 Fireroom and
No. 1 -ngineroom.

2 No. 2 Fireroom After System: No. 2 Fireroom, No. 2
Engineroom, and the main shaft stern
tube cooling, flushing, and sealing.

The Auxiliary Machinery Cooling Water System is split into two inde-
pendent systems, one serving the forward fireroom and engineroom and the
other serving the after fireroom and engineroom. They cannot be cross-
connected, and each system is served by a dedicated auxiliary machinery
cooling water pump located in its associated fireroom. Suction for each
pump is taken from a separate sea chest; discharge is to the auxiliary
machinery cooling water main, which distributes the cooling water through
branches to the individual auxiliaries served by the system. An emergency
cooling water supply is provided for each system via a 125 to 50 psig
reducing valve, in each engineroom, from the firemain. This source pro-
video cooling water to the auxiliary machnncry when the dedicated pump in
down for maintenance.

No CASREPs were reported against the Auxiliary Machinery Cooling Water
System equipments during the period 1 July 1973 through 30 June 1976.

3.3.1 Aurora Type GNC Centrifugal Pump

3.3.1.1 Background

The Aurora Type GNC Centrifugal Pump is a 500 gpm, single-stage,
horizontal, centrifugal, close coupled motor-driven unit supported by
APL 036110076.

3.3.1.2 Overview of Pump Maintenance Burden

MDS data, as shown in Table 3-1, revealed that the maintenance man-
hour burden associated with the auxiliary machinery cooling water pump was
approximately 27 man-hours per component operating year.

From discussions with Ship's Forces IMA, SIMA, and NAVSEC personnel, a
typical significant maintenance action for the auxiliary machinery cooling
water pump was defined as repairs to or replacement of the following wearing
parts:

& Wearing rings
0 Shaft sleeves

0 Impeller
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The specific maintenance-related problems associated with these
components are addressed in the following section.

3.3.1.3 Internal Parts

The wearing rings, both impeller and casing, were replaced at a higher
rate in this pump than in the firepumps (see Table 3-2).

On the basis of conversations with Ship's Force personnel, it is
speculated that torsional forces exerted on the pump by improperly aligned
pump suction and discharge piping have contributed significantly to the
maintenance burden of the pump. These forces have caused binding of the
impeller wearing rings against the casing wearing rings, resulting in exces-
sive wear. Ship's Force personnel said that loud noises emanating from the
pump usually indicated motor bearing failure and dictated securing the pump
and opening it to allow access. While the pump is open, the wearing ring
clearances are normally checked in accordance with the MRC for the annual
open-and-inspect PMS check. Maintenance personnel reported that the
clearances were almost always out of tolerance and that wearing rings
were replaced as a matter of routine.

The shaft sleeve and impeller are also normally inspected, but are
not replaced as often (see Table 3-2). It is therefore concluded that a
significant reduction in internal wearing part replacement could be realized
by ensuring that the suction and discharge piping alignment (flange to
flange) to the pump is such that torsional stresses are not exerted on the
pump when the suction and discharge piping in bolted up. This alignment
check should be made each time the pump is opened for corrective maintenance.
Proper piping alignment should reduce the motor bearing replacement sate as
well as the pump internal wearing part replacement rate. Alignment checks
are not addressed in detail in either the MRC or the manufacturer's tech-
nical manual, but they should be included in the centrifugal pump overhaul
manual recommended for development in Section 3.1.1.2.

I NSN 9C 4320-00-541-8843, impeller wearing ring, was reported in the
4MDS data, but this particular NSN is not listed on APL 016110076, which is
tha APL for the pump. The APL should be changed to reflect the addition
of this NSN to it.

3.3.1.4 Frequency of Repairs

To determine the mean time between significant auxiliary machinery
cooling water pump maintenance actions, MDS narrative data were examined
in detail, and 63 significant maintenance actions (as defined in Section
3.3.1.2) were found to have been accomplished during the data period.
Table 3-13 summarizes the identified significant maintenance actions by
auxiliary machinery cooling water pump number, the number of actions
accomplished by IMA and Ship's Force maintenance personnel, and the mean
time between significant maintenance actions.

Table 3-13 shows that the maintenance burden is rather evenly distrib-
uted between the two pumps and that the mean times between significantmaintenance actions are identical, suggesting that the pumps are probably
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Table 3-13. SIGNIFICANT MAINTENANCE ACTIONS FOR AUXILIARY
MACHINERY COOLING WATER PUMPS

Maintenance Actions Mean Time BetweenSignificant
Ship's Total Percent Maintenance

Pump IMA Force of Total Actions in Months*

1 12 18 30 48 17

2 12 21 33 52 17

Total 24 39 63 -

Percent 38 62 -

of Total

* The mean times between significant maintenance actionswe a-
culated by using the censored data as described in Appendix D.

operated about the same amount of time and that the different locations
(see Table 3-12) do not result in a different maintenance experience. The
most important maintenance-related problem that is contributing to the 17-
month mean time between significant maintenance actions is the alignment
problem discussed in Section 3.3.1.3.

3.3.1.5 Maintenance Strategy

This analysis has shown that the mean time between significant main-
tenance actions is short. It has further been determined that the primary
cause of the short mean time between significant maintenance actions may
not be related to the pump itself but to the external forces on it caused
by misaligned auction and discharge piping. Am shown in Figure A-i of
Appendix A, redundancy is provided by a 125 to 50 psig reducing valve
from the firemain in the event of pump failure. Since pump repairs are
normally within the capability of Ship's Force personnel, there is no
penalty associated with an in-service failure of the pump. It is therefore
concluded that a run-to-failure maintenance strategy should be adopted for
the auxiliary machinery cooling water pumps and that the annual open-and-
inspect PMS requirement be changed to a situation requirement. Further, on
the basis of ship visit inquiries, the man-hour requirement should be
increased from 5 to 20.

3.3.1.6 Recommendations

The following is a summary of the near-term recommondations applicable
to the Aurora Type GNC auxiliary machinery cooling water pump:

Ship's force maintenance personnel cheak the flange-to-flange align-
ment of the pump and the suction and discharge piping each time the
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pump is opened for corrective maintenance, and adjust the pump motor
foundation bolts and the piping hangers to currect any misalignment.
Detailed technical guidarnce on how to conduct alignment checks
should be provided in a comprehensive centrifugal pump overhaul
manual, as discussed in Section 3.1.1.2.J~il !'Adopt a run-to-tailure maintenance strategy for the autxiliary
machinery cooling water pumps.

* Change the periodicity of MRC 21-A13-CA of MIP A-19/150 from
Annual (A) to Situation Requirement (R).

Add NSN 9C 4320-00-541-8843, impeller wearing ring, to APL 016110076,
with an allowance for two on-board spares.

3.3.2 Reliance, 25 HP Auxiliary Machinery Cooling Water Pump Electric
Motor

3.3.2.1 Background

The electric motor for auxiliary machinery cooling water pumps 1 and 2
on the DDG-37 Class is a 25 hp, 3600 rpm, 3-phase, 440 volt drip-proof-
protected motor manufactured by the Reliance Electric and Engineering
Company. It is supported by APL 174750217.

3.3.2.2 Overview of Motor Maintenance Burden

MDS data (Table 3-1) revealed that the maintenance man-hour burden fur
the auxiliary machinery cooling water pump electric motor was approximately
33 man-hours per component operating year. Parts usage information shown
in Table 3-2 is indicative of the types of repair parts historically re-
quired for maintenance actions during the data period. No CASREPs were
reported against the electric motor during the period I July 1973 to
30 June 1976.

From discussions with Ship's Force, IMA, SIMA, and NAVSEC personnel,
typical significant maintenance actions for the auxiliary machinery cooling
water pump electric motor were defined as follows:

I Rewinds
. Bearing replacement

0 Shaft replacement

The specific maintenance-related problems of the auxiliary machinery
cooling water pump electric motor are addressed in the following sections.

3.3.2.3 Rewinds

A review of 14DS narratives revealed that a total of 67 auxiliary
machinery cooling water pump electric motor rewinds were accomplished
during the data period. Table 3-14 lists the number of rewinds on each of
the motors and shows that tho two motors were rewound about the same number
of times. In Section 3.3.1.4, it was reported that the auxiliary machinery
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Table 3-14. AUXILIARY MACHINERY COOLING
WATER PUMP ELECTRIC MOTOR '1
REWINDS

Motor Number Rewinds Percent of Total

1 12 46

214 54

Total 26 100

cooling water pumps are operated about equally and that their locations,
•, ~although in different firerooms, do not significantly affect their mainte-i!

nance burdens. A review of the MDS narratives and conversations with Ship's
Force personnel identified the following am the primary causes of rewindsI,' for these motors. I.

Accidental wetting of the motor during washdowns of the space or
during maintenance on other equipment (e.g., backflushing lube oil
coolers above the motor and allowing salt water to fall on the
motor)

Failure of the packing glands, allowing water to spray on the motor

The problem of accidental wetting is more acute for the auxiliary
machinery cooling water pump motors than for most of the other electric
motors located on the lower level of the firerooms because they are hori-
zontal instead of vertical motors. The main feed booster pump motor, for
example, is vertical and has a shield built into its top that protects it
from accidental wetting. The auxiliary machinery cooling watei pump motor
is horizontal and does not have a shield. Therefore, water can flow over
the motor and enter through the air intake on one end, thus grounding out
the motor. Some ships have constructed light sheetmetal shields over these
motors to protect them from accidental wetting. A near-term, relatively
inexpensive recommendation is to have IMAs construct a suitable shield over
the motors Lo protect them from accidental wetting.

Ship's Force personnel reported that packing gland failures on the
pump usually caused sea water to be sprayed on the motor, which sometimes
resulted in grounding of the windings. The installed packing material is
normally Teflon-impregnated braided asbestos with a conventional gland
arrangement. A properly installed mechanical seal would probably reduce
the nimzber of motor rewinds by reducing the number of times the motors
are sprayed with sea water. It i. therefore recommended that a ShipAlt I
be developed to provide the auxiliary machinery cooling water pumps with
mechanical seals.

A long-term solution to the high motor rewind rate for auxiliary
machinery cooling water pumps is to incorporate an improved method of
insulating electric motor windings. The sealed insulation system discussed
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in Section 3.1.1.3 promises to be an excellent long-term solution to the

high rewind rate for motors subjected to high-moisture environments. It
is therefore recommended that these electric motors be rewound with a
sealed insulation system.

3.3.2.4 searings

The auxiliary machinery cooling water pump motors are fitted with two
double-shielded ball bearings. As indicated in Table 3-2, more than 500
percent of the total class population of the installed bearings were re-
placed during the data period. As discussed in Section 3.3.1.3, the tor-
sional. forces exerted on the pump by the misaligned suction and discharge
piping are probably the major cause of the high ball bearing failure rate.
The recommendations made in Section 3.3.1.3 for ensuring the flange-to-
flange alignment of the piping to the pump are applicable to the motor
bearings also.

Frcm discussions with Ship's Force personnel, it appears that the
maintenance problems associated with ball bearing removal and replacement
are similar to those discussed in Section 3.1.1.4 and that the recommenda-
tions to provide improved technical documentation and bearing heaters are
also applicable to the auxiliary machinery cooling water pump motor.

3.3.2.5 Shaft Raplacoment

Ship's Force and IMA maintenance personnel reported that shaft replace-
ment is usually caused by the improper use of gear pullers in removing
either the motor bearings or the pump impeller. The pump end of the shaft
is sometimes damaged by the improper use of a gear puller in that the
threaded end becomes flared to such an extent that the impeller nut cannot
be installed properly. In many cases, Ship's Force personnel "stub" the
shaft and reassemble the pump and motor. The stubbed shaft Is normally
not balanced since Ship's Force does not have a shaft-balancing capability.
This problem is related to the maintenance technique for using bearing
pullers and will probably be reduced but never eliminated by the use of
the comprehensive centrifugal pump overhaul manual recommended for
development in Section 3.1.1.2.

3.3.2.6 Frequency of Repairs

To determine the mean time between significant maintenance actions,
MDS narrative data were examined in detail, and 122 significant maintenance
actions were identified. Table 3-15 summarizes the identified significant
maintenance actions by pump motor number, the number of actions accomplished
by IMA and Ship's Force maintenance personnel, and the mean time between
significant maintenance actions.

The mean time between significant maintenance actions for the pump and
motor are very close (approximately 17 and 13 months, respectively). Since
the pump is close-coupled to the motor and the radial support of the pump
impeller is provided by the motor bearings, it is theorized that the low
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Table 3-25. SIGNIFICANT MAINTENANCE ACTIONS FOR AUXILIARY
MACHINERY COOLING WATER PUMP MOTORS

Maintenance Actions Mean Time Between
Significant

Motor Ship's Total Percent Mdintenance
Number Force of Total Actions in Months*

1 28 26 54 44 13

2 35 33 68 56 12

Total 63 59 122 100

Percent 52 48 -

of Total

*The mean times between significant maintenance actions were cal-
culated by using the censored data as described in Appendix D.

mean time between significant maintenance actions is driven by the failure
of the pump-side rotor bearing. This failure is caused primarily by mis-

alignment of the suction and discharge piping to the pump end, which causes
torsional forces to be applied to the pump end, wearing rings, shaft, and,
ultimately, the motor bearings when the pump suction and discharge piping
is bolted up. This problem, as discussed in Section 3.3.1.3, should be
reduced by the promulgation and use of the comprehensive centrifugal pump
overhaul manual recommended for development in Section 3.1.1.2. The low
mean time between significant maintenance actions is also a function of
the number of rewinds as discussed in Section 3.3.2.3. This time should
be increased by implementation of the recommendations made in Sections
3.3.1.2 and 3.2.2.3 to correct the alignment problem, to develop a
comprehensive centrifugal pump overhaul manual, to increase the protection
afforded the motor from accidential wetting, and to incorporate a sealed
insulation system.

3.3.2.7 Maintenance Strategy

A run-to-failure maintenance strategy is recommended for the auxiliary
machinery cooling water pump motors. This strategy is in conformance with
the recommended strategy for the pump end as discussed in Section 3.3.1.5.

3.3.2.8 Recommendations

The following is a summary of the recommendations applicable to the
Reliance 25 hp Auxiliary Machinery Cooling Water Pump Motors

Near Term

*' Install a shield of light sheetmetal over the motor to reduce
the number of rewinds due to accidental wetting.

Adopt a run-to-failure maintenance strategy for the auxiliary
machinery cooling water pump motors.
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Long Term

Develop a ShipAlt to provide a mechanical seal for the pump.I ' Rewind the motor, incorporating a sealed insulation system.

3.4 RECOMMENDED MAINTENANCE STRATEGY FOR VIREMAIN SYSTEM COMPONENTS AND
AUXILZARY MACHINERY COOLING WATER SYSTEM COMPONENTS

The results of this analysis have shown that the mean time between
significant maintenance actions is short for the firepump, firepump motor,
firepump turbine, and auxiliary machinery cooling water pump and motor.
It has also been shown that there is enough redundancy in the Firernin and
Auxiliary Machinery Cooling Water Systems that an in-service failure of one
equipment will not normally cause a failure to the system. Since Ship's
Force personnel are normally capable of performing corrective maintenance
on these equipments, it is concluded that a run-to-failure maintenance
strategy should be adopted during the operating cycle for the following
equipments of the Firemain and Auxiliary Machinery Cooling Water Systems:

Turbine and Electric Driven Gun Metal Casing Firepumps

Firopump Electric Motor

* Fir epump Turbine

* Auxiliary Machinery Cooling Water Pump

* Auxiliary Machinery Cooling Water Pump Motor

3.5 BASELINE OVERHAUL REQUIREMENTS

The Baseline Overhaul concept of the DDEOC Program is to provide the
maintenance necessary to restore a system to a condition in which, with a11'. well engineered and executed maintenance program, it can be expected to
perform satisfactorily over an extended operating cycle. In keeping with
this policy, specific Baseline Overhaul requirements for the Firemain and
Auxiliary Machinery Cooling Water Systems are ms follower

* Engine Lathes - The Ship's Force maintenance effort is hindered by
inadequately maintained engine lathes. It is recommended that all
lathes installed on DDG-37 Class ships be inspected and repaired as
necessary during BOH to ensure that they are in good working order
and that all attachments and accessories are available. It is
further recommended that DDG-39 be provided with a lathe capable
of accommodating the impeller diameter of the largest installed
centrifugal pump, or a lathe with a swing of a minimum of 10".

* Firepump Turbine - A depot-level Class "B" overhaul should be per-
formed in accordance with TRS 0521-086-601 (the pressure regulator
is included in the TRS). This recommendation is based on the fact
that only a depot-level industrial facility can adequately undertake
the removal, repair, balancing, and reinstallation of a steam
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turbine with consistent success. The overhaul itself is recollmended
on the basis of engineering judgment of what would be reqmired to
guarantee relieble operation throughout the operating cycle.

The results of this analysis do not support the routine Class "B'"
overhaul of all of the equipments of the Firemain knd Auxiliary Machinery
Cooling Water Systems as recommended in the "Repair Profile for Baseline
Overhaul (BOH) of DDG-37 Class" of May 1977. Only the recommendation fcr
Class "B" overhaul of the firepiump turbine is supported (see Section 1
3.2.4.7 of thie ROE).

Table 3-15 lists the BOH repa.ir recommendations for SWBS 521 and 524 as
listed in the DDG-37 Class BOH Repair Profile and the rationale for their
deletion. A

3.6 INTRACYCL1 AND FOLLOW-ON ROH REQUIREMENTS

Ship's Force personnel have the capability to perform major maintenance
on the firepump, firepump motor, firepump turbine, auxiliary machinery
cooling water pump, auxiliary mach..nery cooling water pump motor. and S

valves, with the exception of motor rewinds, motor balancing, and casing
repairs. The maintenance actwl.ons that cannot be accompliohed by Ship's-
Force (see Section 3.1.2) do not lend themsclves to preventive maintenance
and are thus normally accomplished only as corrective maintenance. There-
fore, the only intracycle maintenance requirements should be the existing
PMS actions as modified by recommendations of this report and the Ship's
Force performance of all corrective maintenance on system pumps and motors
supported by an IMA as necessary.

The only follow-on ROH overhauls recommended are the Class "eB" over-
hauls, in accordance with the TRS 0521-036-601, of the firepump turbine by
an industrial facility.

The installed engine lathes should be inspected and repaired as
necessary at each follow-on ROH to ensure that they are in good working
order and P.re provided with all the necessary attachments.

II
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- Table 3-15. RLICOM14ENDED CHANGES TO THE DDG-37 CLASS REPAIR PROFILE FOR RON

Im5I Repair Profile Item Rationale for Deletion

521 Firemain and r wahine System

1. rire and Flumhiklg Pumps

A. p'umps

(1) overhaul TAW TRO A rUh-tc)-failuru Malnt , naneum strategy combined with An aggressive11; corrbative and proventivo maintenance program will preol'2ds the
routin'i overhaul of firepuimps at 8011. There was noi conclusive
*Videhce that the overhaul of the firepUipsp at DON, without regard
to material vondition, would be desirable or cost-ef fective ;sA
Therefore, routine overhaul of firepiuieps at SONI Js not recommended,

b. motors

(1) Overhaul 1AW TRS A run-to-failure maintenance strategy in recotmeended for firepiuifp
motors in Section 3.2.3.7 of this ROE. This recommendation tin

II preficated an the fact that moator rewinds and motor bearing
replacements are almost impossible to predict since they are
usually caused by external factors, including misalignnent, which
will not be reduced or eliminated by preventive maintenance in the
form of routine overhauls of fntoigelectric aotos There-

not recommended.1~a. Turbinatj
(1) Overhaul 1AW TMN No change, cnii~, N lnfcn eurn nr-yl

d.Controllers

()Class 'IN Overhaul Curre-t PHS procedures are adequate to main'tain theme equipmentm

maintenance has been reported, and there .ro no data to support
the routine overhaul of mottir controllere,

e1. Tedt 1AW 1200 pet No change,
Procedures

524 MINWir s waer System

1. Auxiliary Machinery cooling
Water Pumps and Motors

a. Overhaul 1AW TMA An da~icuesed in M,'ctions 3.3.,.4 and 3.1.2.6 of this Rot, t~heV .mean titrr:, betweein aiqnificant maintenance actions for the
aumiliary nu.chinery cooling water pumps and motors are 17
Ionthm and 13 months, respectively, and a run-to-failure maint.-
nanck.~ strategy in recomemended by this RON. There art no data
to aupp~,rt the supposition that the routine overhaul of the
pu np and motor would be cost-effective and would increase the
short interval betwe.-i significant maintenance actio~ns,

2. Controllers

a. clams 'IS overhaul Current PMR procedures are adequate to maintain these equip-
ments in good material Condition, No Nignificant maintenance
iias been rapcrted, and there are no data to support the
routine ol-srhaul of motor conitrollare.

3. Test in accord inca with No change,
12u0 psi Test Pivcmdure
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VI

CHAP 2WR FOUR

CONCLUSIONS AND RECONM NOATIONS

4.1 CONCLUSIONS

This Review of Exporience led to the following conclusions:

* The Ship's Force maintenance effort is hindered by inadequately
maintained engine lathes (Section 3.1.1.1.).

A compreho&.aive Centrifugal Pump Overhaul Manual for Ship's Force/; use iw not available (Sections 3.1.1.2 and 3.1.1.4).

•:i The currently installed drip-proof windings on ficepump electric
motors and auxiliary machinery cooling water punr eleotr.J. motors

•:.•/ are inadequate (Sections 3.1.1.3, 3.2.3.3, and 3.3.2.3).

Saall bearing removal and installation pract.cos vary greatly from
ship to ship depending on the euerience of the And•vicual perform-
ing the maiatenance (Nection 3.1.1.4).
S gall bearing heaters $et not normally available at the organliational
level (Gection 3.1.1.4).

* Most repair to the equipments of the Firemain and Auxiliary Ma~chinery
Cooling Water Systems can be accomplished by Ship's Force personnel
with occasLional IMA vssistance. Only firepump turbine overhauls
require a depot-level activity (Section 3.1.2).

* The DART Firepump Imp•roven•ent Program has resulted in m revision
of the military specification foz future pr~c~trement of centrifugal I
firepumps and the procurement and installation of eight stainless
steel firepump casings in DDG-37 Class ships (Section 3.2.1 and
App.endix C).

* Preliminary indications are that the installed stainless steel pumps I
are demonetrating improved reliability over the cost gun-metal A
firepumps (Section 3.2.1).

Firepump (pumps and motors) utilization and firepump location are
relevant to the maintenance burden associated with the firepumps
(Sections 3.2.2.1 and 3.2.3.3).

T he currantly stocked firepump impeller wearing ring is unsuitable
foy salt water Lpplications (Section 3.2.2.3 and Appendix C).
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The graase flow through the firepump bearing housings could be
improved by relocating the bottom vent drain (Section 3.2.2.4).

* Two methods of cast gun-metal firepump casing repairs are currently
being used but no preferred method has been identified (Section
3.2.2.5).

The safety factor afforded by the automatic start feature of fire-
pumps 3 and 5 is not being fully realiied because of the lack of
a uniform firepump operating policy (Section 3.2.2.7).

The mean time between significant maintenance actions for firepumps
is low (e.g., it varies from 9 to 22 ,months) (Section 3.2.2.7).

A run-to-failure maintenance strategy and a change in the periodicity
of the annual PMS open-and-inspect requirement for the firopumps is
suggested (Section 3.2.2.8).

*The failure of the swing check valve on the discharge side of the
firepurps usually results in serious damage to the firepump turbine
(Sections 3.2.4.4 and 3,2.4.5).

A depot-level Class "B" overhaul of the firepump turbines at BOH and
follow-on ROH should significantly reduce major corrective mainte-
nance during the operating cycle (Section 3.2.4.8).I The internal wearing parts of the auxiliary machinery cooling water
puVs are replaced at a higher rate than the internal wearing parts
of the firepumps (Section 3.3.1.2).

- -The mean time between significant maintenance actions for the
auxiliary machinery cooling water pumps is low (17 months) (Section
3.3.1.4) primarily because of the flange-to-flange misalignment of
the suction and discharge piping to the pump (Section 3.3.1.2).

Add NSN 9C 4320-00-541-8843, impeller wearing ring, to APL 01611076,
with an allowance for two on-board spares.

A run-to-failure maintenance strategy and a change in the periodir'ity
of the annual PMS open-and-inspect requirament for the auxiliarymachinery cooling water pumps is suggested (Section 3.3.1.5). '

The auxiliary machinery cooling water pump electric motors require
increased motor winding insulation to reduce the nuiber of rewinds
(Section 3.3.2.3).
With only minor changes, the PMS requirements for the Viremain and
Auxiliary Machinery Cooling Water Systems are adequate.

4.2 ECORMENDATIONS

Corrective actionw and improvements required for the Firemain and
Auxiliary Machinery Cooling Water Systems are grouped as followst

Baseline Overhaul (BOH) Requirements

.Intracyle Maintenance Requirements • .
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* Follow-On ROH Requirements

SReRliability and Maintainability Improvements

* • PXI 3 • aintenance System Changes

: •.•. Facility Improvements

IM1. XvIx9vements

I integrated Logistic Support (ILS) Improvements

Table 4-.1 summariaes all recommendations re3ulting from this Review
of Experience. A detailed listing of recommended P4S changes is inoluded
in the DDEOC MRC Evaluation Table of Appendix Z. Action items resulting
from these recommendations are listed in the DDEOC Action Table of
Appendix F.
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fable 4-1. SUMMARY OF ROE RECOMMENDATIONS

Equipment Recommendation Reason

baseline Overhaul Requirements

ngine Lathe Inspect and repair a. necewsary. Availability of a workable
lathe is fundamental to Uhe

Ship's Force repair effort.

Ensure that all attachments are
available.

Firepump Turbine Perform Clan. "B" overhaul of the This type of overhaul should
turbines in accordance with TRO be accomplished only at the
0521-086-601. depot level.

Intracycle Maintenance Requirement.

All equipments of the Accomplish existing PHI requirements Existing PMI requirements,
Firemain and Auxiliary as modified by recommendations of modified as recommended by
Machinery Cooling this report, this report, adequately
Water 6ymtems address required intracyole

maintenance.

rollow-On ROH Requirements

Engine Lathe Inspect and repair as necessary. Availability of a workable
lathe is fundamental to the

Ship's Force repair effort.

Firspump Turbines Perform Class "'" overhaul of the Estimated to be necessary by
turbines in accordance with TRO the end of a 60-month oper-
0521-066-601. ating cycle.

Reliability and Maintainability Improvements

motor and Turbine TYCOM should establish a uniform Shift the relative mainte-

Driven Firepumps firepump operating policy toe nance burden from the high-
burdened 3 and 5 to the

, .operate firepumps 2 and 4 whenever lower-burdened I and 6,
s iteam in available, reduce the number of rewinds
Operate firepumps 1 and 6 in port of I and 6, and increase the
or when under way when firepumps effectivenoes of the automatic

Sand 4 are not available.
fiand4arseups 3 andilablet ustart capability of 3 and 5,- Keep firepumps 3 and 5 set up for

automatic start to the maximum
extent possible.

NAVSEC should determine the best At least two different
method for gun-metal pump casing methods of repair are cur-
repair and promulgate unifom rently in use, no determina-
repair instructions, tion having been made of

which method in preferred.

Use a run-to-failure maintenance The mean time between
strategy for the installed fire- significant maintenance
pumps of the DDO-37 Class. actions is short.

Develop a ShipAlt to implement the Improved grease flow through
recommended relocation of the fire- the bearing,
pump bearing housing vent drain.

Develop a ShipAlt to install Stainless steel casings pro-
stainless steel casings on all vide a solution to the casing
DDO-37 Class firepumps, erosion problems, and fire-

pumps 3 and 5 have more
casing erosion problems than

other firepumps.

(continued)
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Table 4-1. (continued)

Equipment Recommendation Reamon

Reliability and Maintainability Improvements (continued)

Pirspump Electric use a run-to-failure maintenance motor-rewind prevention does
Ilotors strategy for the installed fire- not lend itself well to pro-

pump electric motorsl. ventive maintenance based on
calendar time.

Develop a procodure to rewind the The sealed insulation system,
electric motors utilizing the sealed when implemented, promises to
insulation system an all four be an excellent long-term
electric-motar-driven firepumps. solution to the high rate of

eleotric motor rewind for
motors subjected to high-
Moisture environment.

Firepump Turbine Usiv a run-to-failure maintenance The intracycle maintenance

strategy for the installed fire- should be minor, with major
pump turbines. corrective maintenance being

accompliphed at BOH andfollow-on Roms.

Auxiliary Machinery Have ship's Force check the flange- Reduce the internal wearing
Cooling Water Pump to-flange alignment of the pump parts and motor bearing

and suction and discharge piping usage rates.
and adjust the pump foundation
bolts and the piping hangers to
correct any misaligtment. The
check should be made each time
this pump is oponed for corrective
maintenance,

Use a run-Mn-failure maintenance The mean time between
strategy for the installed auxiliary significant maintenance
machinery cooling water pumps, actions is short.

Develop a ShipAlt to provide a Decrease the number of
Mmechanical seal for the pump. motor rewinds r

Auxiliary Machinery Construct a shield of light sheet Prevent grounding out of
Cooling water Pump metal over the motor. the motor due to accidental

•.,motor wetting.

Develop a procedure to rewind the The sealed insulation system,
electric motors utilizing the sealed when implemented, promises to
insulation system on both motors, be an excellent long-term

solution to the high rate of
electric motor rewind for

motors subjected to high-
moisture environments.

Planned Maintenance System Changes

Motor and Turbine Change the periodicity of the annual The pump internals vill be
Driven rirepumps open and inspect PMS check to a inspected when opened for

situation requirement. corrective maintenance.

motor Driven Firepumps establish a PM8 requirement to oper- Moisture accumulation will
ate firepumpe I and 6 every day for be prevented and the number
about one hour. of motor rewinds reduced.

(continued)
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Table 4-1. (continued)

Equipment Recommendation Reason

Planned Maintenance System Changes (continued)

swing Check Valve Establish a monthly PHS requirement Failure of the swing check
to open and inspect firepump swing valve usually results in
check valves on turbine driven serious damage to the motor
firepumps. or turbine.

Auxiliary Machinery Change the periodicity of the annual The pump internals will be
Cooling Water Pumps open and inspect PM5 check to a inspected when opened for

situation requirement. corrective maintenance.

Industrial Facility Improvements

None

INA improvements

None

Integrated Logistic support (ILl) Requirements

Engine Lathe Have individual ships take the neces- A workable lathe with a
nary steps to ensure that the an- qualified operator is fund-
signed lathe operators are qualified mental to the ship,@ Force
in the operation and maintenance of repair effort.
the equipment.

Provide DDO-39 with a lathe capable A lathe with a minimum 10"
of accommodating the impeller diam- owing is required.
eter of the largest installed
centrifugal pump.

Centrifugal Pump Provide Ship's Force with a suitable The organizational level
Centrifugal Pump Repair Manual. maintenance effort will be

improved.

Provide suitable ball bearing heater ball bearing removal and
ovens, reinstallation procedurel

will be standardized.

Motor and Turbine Provide APL 016021445 to all ships Ship visits indicated that I-0

Driven Firapump with stainless steel pumps and ships with stainless steel
ensure that shipboard allowances for pumps did not have the
spare parts are adequate. correct APLs.

Change the material requirements for Currently stocked impeller
the impeller wearing rings of the wearing ring is not suitable
firepumps supported by APL 016020494 for salt water applications.
from Stainlesa Steel class 303 to
monel, QQ-N-288, composition 2 or D.

Assign an NON to the monel impeller A monel impeller wearing
wearing ring, end revise APL ring will be less subjent to
016020494 accordingly, corrosion than the currently

stocked stainless steel one.

Firepump Swing Check Conduct a COSAL validation to ensure Present COSALs do not always
Valve that the installed firepump swing include the Installed swing

check valves are supported by the check valves.
proper APL.

Auxiliary Machinery Add NaN 9C-4320-00-541-8843, impeller The impeller wearing ring is

Cooling Water Pump wearing ring, to APL 016110076, with not listed on the APL for
an allowance for two on-board spares, the pump.
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SOURCES OF INFORMATXON

The specific souroes of information used as a basis for the System
Maintenance Analysis of the Firemain and Auxiliary Machinery Cooling
Water Systems are listed below:

1. Generation IV MDS Part and Maintenance Data for DDO-37 Class for
the period 1 January 1970 through 31 October 1976.

2. CASREP narrative summaries for the period 1 July 1973 to 30 June
1976.

3. Technical Manual - Turbine and Motor-Driven 500 G.P.M. Fire
Pumps, Warren Pumps, Inc., NAVSHIPS 347-3242, (rebruary 1959).

4. Ship Information Book, DLG-9 (DDG-40)i

a Volume 1, Hull and Mechanical, NAVSHIPS 0905-475-4010.

* Volume 2, Part 1 of 2, Piping, NAVSHIPS 0905-475-4020.

* Volume 2, Part 2 of 2, Piping, NAVSHIPS 0905-475-4030.

5. Propulsion Operating Guide for DDG-6, 7, 8, and 45.

6. Type Commander's COSAL, SURFLANT and SURPPAC, dated 28 April
1976 and 23 June 1976, respoctively.

7. Allowanoe Parts Lists (APLe) for selected components of the
Firemain and Auxiliary Machinery Cooling Water Systems.

8. Maintenance Index Pages and Maintenance Requirement Cards for
selected components of the Firemain and Auxiliary Machinery
Cooling Water Systems.

9. Technical Repair Standards (TRS):
a TRE 0521-086-600, Pump, Fire (Turbine and Motor Driven)

6 TRM 0521-086-601, Turbine, Fire Pump
M TRS 0521-086-604A, motor, Coupled, Horizontal Mounted, Fire

(Turbine and Motor-Driven) Pump
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10. Trip Report (21-23 September 1977); ARINC Research Corporation
visit to$

. COMNAVSUR.1LNT

" USS PRATT (DDG-44)

0 USS MACDONOUGH (DDO-39)

. USS DWEY (DDG-45)

Sss PUGET SOUND (AD-38)

SZMA, Charleston, South Carolina

11. Technical Manual - Electrical Machinery arpair, Volume I,
Electric Motor Repairs, NAVSEA 0900-LP-060-2010.

12. PERA (CRUDES), PHZLNAVSHZPYD,"Ship Alteration Information Manual,
DDG-37 Class", 1 November 1976.

13. nevolopmant of Equipment Behavior Measures for .;lcoted Equipments
in the Propulsion Plant of DDG-2 Class Ships, ARINC Research
Publication 1623-01-1-1347, December 1974.

14. OPNAVINST 4790.4, Material Maintenance Management (3M) Manual,
Volumes I and I1, Jwue 1973.

15. DDG-37 Clams Maintenance Critical Equipment List, ARI.NC Research
Corporation, 30 April 1976.

16. Overhaul Departure Reports for DDG-37 Class Ships.
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APPENDIX A. A

BOUNDARIES OF FiREMAiN AND"
AUXILIARY MACHINEP'/ COOLING WATER SYSTEMS

FOR DDG-37 CLASS SHIPS

] Ii

The Firemain and Auxiliary Machinery Cooling Water Systems discussed
in this report consist principally of the components listed in Table A-i.
The table also lists APL nwnbetr and APL quantities per ship. In developing
this table, at attempt was made to resolve inconsistencies among Typo
Commander's COSAL and MDS reporting data, but all such inconsistenaJ.es
could not be re-olved. This configuration is tho beet estimate from all
availa.bLe data sources.

Figure A-i is a graphic representation of a typical DDG-37 Class
Firemain and Auxiliary Machinery Cooling Water System, including a line
diagram of the two systems, the selected components of each system, their
associated APLa, and the interface between the two systems.

A-1
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IiI
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Table A-I. COMPONENTS OF FIREMAIN AND AUXILIARY MACHINERY COOLING WATER
SYSTEM FOR DDG-37 CLASS IT,

Quantities by Hull Number

Nomenclature APL/CZZ I'IDr~ ~'

Firemain System-T - - -I.....

Firepump, 500 arm M.. 016020494* 6 6 6 6 616. 6 5 -6
Firepumv, 500 GPM 016021445* 1 _1 1 ... 1 2 2
Firepum,, 500 GPM 016020528* 1

unm Motor -- ___ 174750564* 4 4 4 4 4 4 4 4 4 4
Contz:rollr Firepu Motor 6) 151801406* 1 ii ieiai
Controller (Firepump Motore 1518u1533.

3 and 5)
Controller (Fire1gurp Motor 1) 151801534* 1 1 11 1 1 1 1 1 1

re Turbine057950042* 2 2 2 2 2 22
_ repump Turbine Regulator e82260 19 5* 2 2 2 2 2 2 2 2 2
FiruRg Turb ine Requlator 882260469* 1.-.- - 2 "- -

ex l Coup 8235000* 6 6 6 6 16F

5.0"' ZPS Gate Valve -. 882042020**
4.0"1 IPS Swing Check Valve 882035712
"4,0" UPS Swpng Check Valve 882033714 Precise configuration data• . 4.0"1 •w n C e k ..... nav ,,lable.

4.0 IPS Check Valve 88203246a
4.0"1 IPS Swn Check V'

Auxiliary Mahinesry Cooling Water Syetem
-- 

... M . ....

Auxiliary Machinery Cooling 016110076t 2 2 2 2 2 2 2 2 2 2
Water Pump ....... ..
Auxiliary Machinery Cooling 174750217t 2 2 2 2 2 2 2 2 2• ~~Water Pump. ..

3,5" IPS Reducina Valve - 882091721 "2 2 2 2 - 2 2
3.5" XPS Relief Valve 1992117196 4,, 4 4 44 44 I4

3.5" IFS Gate Valve 883042018 unavailable

*NAVSHIPS Technical Manual 347-3242.
**Installod i.n Auxiliary Machinery Cooling Water System also.

_NAVSHIPS Technical Manual 347-3448.

; A-
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- - Forward FR 38 PR 68 FR 87

No. I Pump Room No. 1 Fire Room

t3.01 IPS II~tq V&1va No. 1 zmetaI

8820420a~~Auxiliary M
Cooling Watr:

016020494 a82091721

Various APLN

4.00" IRE Cate ValveI, 982042019

I~4.1 4.0" Gate Vatlvve

3.5" IPS Gatti Valve

5.0"1 IPS SwigCec Valve 9C20
8882042010

No.~~~igr IAie-i. 77;010100I No::Axlir
, Axi I r



FR 87 FR 112 PR 132

Io. 1 zniing Room No. 2 Fire Room No.

No. 2 msgenoy
Auxilary MAchinery

No. I Emergancy ,.0' I, S Gate Valve Cool8ng Wte7R2u1eE7pl/ Auxiliary MarohLnexy Relief Valve 6820420,0 882091721
Cooling Water 882117196
Reducer No. 4 Fire Purum
902902 .. 016020494

ato Turbi~n Regulator
0019 609

,,,,004 80202170195

SFlex Coupling
782350005

~ 4 0__ 4,0 IPS Swing check~ Valve
Various APLs

•in - ._________ ___. _____________"__

3.5"1 P96 Gate Valve 3,5",
a62042018 -4

Auxiliary Machinery Cooling Water Main

3 1 PIGt Valve82421 3,51 M9 Gate Valve 3.0",
8822401820662

Valve 4 Dwing Check Valve A4.0 •. N Gate Valve M0
VrosAa 892042019 IVariou

cNo.
No. 2 AuxiliaryMoorController machinery coolingJ

177054 151801533 Water PWimp 171,
016110076

Flax Coupling 1M
78235000574

199 Mt Vave5.0", In Gate valve
88204202068020

Figure A-1. TYPICAL DDG-37 CLASS FIREMAIN AND AUXILIARY MACHINERY COOLING WATER SYSTEMS



FR 132 PR 148 F'R 181 Aft

m o., 2 Engine gooi No. 2 Puzop r~oom

No. 2 Emergency
Auxilary Neaohinery v.~.ief Valve

Val.ve Cooling Water fleducer 882117190

Regulator
882260195

9 Check Valve

:Valve

3.5"1 IPS GateVav
882042018

nq wfter Mai~ ..- 4.0"1 IPB Gate Valve

33 30-" IP Gate Valve88009
3.5'1 IPS GAte Valv 8;2042017
82042018 1--4.1 

P wnChcVav
4.0"~~4.1 1P aeVle___ PS 9wing Check Valve Various APLe

882042019 Various APLs

MtrContro lle Mr Contr~ller
74054 15180153 :17:473t,0 r1:564 1 15190=1406

Flax Coupling Flex Couplinq
782350005 782350005

5,... .0' 398 Gate Valve 3.0", 399 Gate Valve
38204202.0 8892042020

LING WATER SYSTEMS
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APPENDIX B

CASREP SUMMARY

CASREPs for the DDG-37 Class Firemain System covering the period from
1 July 1973 to 30 June 1976 are shown in Table B-i. The CASREPs are listed
by component and categorized by cause. The table is based on 56 CASRHPs
submitted by 10 ships that operated for a total of 20.9 ship operating
years during this three-year period. Therefore, the rate of CASPXP sib-
mission against the Firemain System for this period isj

56 CASE --- - 2.69 CASPEPs Per Ship Operating Year
20.9 Ship Operating Years

No CASREPTs were reported a'ainst the Auxiliary Machinery Cooling
Water System during the CASREP data period.
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Table B-I. CASREP ANALYSIS SUMMARY FOR THE DDG-37
CLASS FIREMAIN SYSTEM

4Ninber of Per-,ent of Nmber of;•,} Reason for CASREP
R n C CASREPs Total CASREPs Ships Aeporting

Firepump 8

WerZ 12
Part Failure 5
Abnormal Environment I

'Subtotal la 32.1

Firepump Turbine 3

Wear 2
Part Failure 3

Subtotal 5 8.9

Firepump Motor S

Part Failure 14
Abnormal Environment e
Miscellaneous 4

Subtotal 26 46.4

Firepump Turbine Pressure
Regulator 1

Wear 1

Subtotal 1 1.8

Flexible Coupl.tng 2

Part Failure 1
Abnormal Environment 1

&ubtotal 2 3.6

Valves 2

Part Failuire 2
Miscellaneous 1

Subtotal 3 5.4

Electric Motor Controllers .

Part Failure 1

Subtotal 1 _ ._8

Total 56 100.0 -

3-2
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5W4AY ~APPENDLY C )(SZ)

DATED 13 MA~RCH 1972

Li The military specifications for centrifugal pumps suitable for use as
fire pumps are contained in MIP-P-1739 (D) of 13 March 1972.

The existing DDG-37 Class firepumps, APL 016020494, were built to
conform to 141L-P-1739 for Class C-2 pumps (C-2 reprementinq pumps with ar.

impeller between bearings). The significant differences are shown inTable C-1.

tabJ@ C-1, PAILT MATERIAL DIFFERINC96

Applicationa
Category # I II

N 47



APPENDIX D b

DATA ON SIQNIFICANT MAINTENANCE ACTIONS USED
TO CREATE WEIBULL HAZARD PLOTS

the time in months between significant maintenance actions on fire-
pumpa (pump ends), firepump drivers, and auxiliary machinery cooling water
pumps (pumps and drivers) was recorded for each ship. Eaoh significant
maintenance action was considered to restore the equipment to a like-new
condition, and time was reset to eoro following such an action. IL the
period of life did not and in a significant maintenance action but stopped
at a oonversion, RON, or the end of th* data period, the time waa treated
as a censored observation. The following illustration shows the difference
aetween these two types of date s

Significant Maintenance Actions

Conversion X months Y months Conversion
or Time to Censored or ROH or
RON Action Observation End of Data

Both types of data were used in Nelson's hazard plotting mothol* to
determine the parmeters of the Wuibull distribution which best fit the data.

In the tables that follow, censared observations are marked with an
asterisk. Data for the six firepumps and drivers are given In Tables D-1
and D-2, respectively. Table D-3 contains data on the Auxiliary Machinery
Cooling Water Syster, pumps and motors.

Ft

*"Hazard Plotting for Incomplete Failure Data", W. Nelson, Journal of
Quality Teohnology, No. 1, pp 27-52, 1969. A

D..1
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Table D-I. MONTHS BETWEEN SIGNIFICANT MAINTENANCE ACTIONS FOR
FIREPUMPS (PUMP ENDS)

Pump 1 Pump 2 Pump 3 Pump 4 Pump 5 Pump 6

2,2,2* 1,1* 1*,i*,i*,i* 1* 2,2,2,2 2

3* 3,3 2,2,2 2,2,2 2,2* 3,3,3,3*

4,4,4* 4,4,4,4,4* 3,3,3,3,3 3 3,3,3,3 4*

6,6,6,6*,6* 5,5 3,3,3* 4,4,4,4* 3,3* 5,5

7,7* 6,6,6* 4,4,4,4 5,5*,5* 4,4,4,4 6,6*

9,9* 7,7*,7* 4,4,4,4 6,6,6* 4,4,4,4 7*

10 8,8,8*,8* 4,4* a 5,5,5,5 8*

11* 9 5,5,5,5 9,9 5,5* 9,9*

12 10 10,10 6,6,6* 10

13 11 6,6*,6* 11,11 7*,7* I1,11*,11*
14" 12*,12" 7,7,7 12 8,8 12,12

15,15" 13 8,8,8,8* 14 9,9,9,9 13"

16 14,14,14 9,9,9,9 is* 9,9 14,140

17,17* 15 10,10,10,10 17" 10,10 15

18,18" 16 11,11* 18*,18* 11 16

19* 17,17* 12,12 19,19* 13,13 17

21 1B*,18* 13,13 21* 14,14,14 19 !

22 19* 14,14 22 14,140 20*

23 21,21,21,21 15,15,15 23,23* 15 21*

25 27* 16 25,25* 16,16*,16* 22

26* 28 17,17* 27* 17 23

28 32 18 28 19,19* 27

30 36 22,22* 29* 21* 31*

34,34 31* 47* 33 35,35

45 50* 35 38
45*

*Denotes censored observation.
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Table D-2. MONTHS BETWEEN SIGNIFICANT MAINTENANCE ACTIONS FOR
FIREPUMP DRIVERS

Motor 1 Turbine 2 Motor 3 Turbine 4 Motor 5 Motor 6

1 2 1" 3P 3 2,2,2",2'

2,2 4,4,4 3 4,4,4,4* 4*,4* 2*

3,3*,3*,3* 5,5* 4,4,4,4 6 5* 3,3,3

4,4,4,4 6* 6* 8* 6 4,4,4,4*
5,5* 7* 7* 15' 7* 4',4*,4*

6,6,6',6" 9* 8,8* 16,16,16* S 5,5,5
7,7,7,7* 11' 9,9* 17* 10,10' 6

8 12 14 18 12* 7

9,9,9 14',14' 15* 19' 14' 8,8,8
13,13' 15 17,17' 20 16' 9

14,14' 16 1i* 23,23* 18,18' 10,10,10

19' 17,17,17' 22,22*,22* 24 20* 11,11'

20 18,18* 23,23* 25 21' 14

23 19,19 25 27* 24 15

26* 20* 28* 31,31' 27 17*,17*
,.•31 21* 39 33 28* is

34 25,25 42 36* 29 21',21'
35 27* 43* 39 31' 25

37* 30* 55* 43* 36* 27',27'

38* 35 58* 39 36

39* 36* 45 37

41 43* 46* 38

49* 48* 56* 43*

*Denotes censored observation.

Iq

D-3

L l........ 
.... ......



Table D-3. MONTHS BETWEEN SIGNIFICANT MAINTENANCE
ACTIONS FOR AUXILIARY MACHINERY COOLING
WATER SYSTEM

Unit 1 Unit 2

Pump Motor Pump Motor

2,2,2* 2,2,2,2,2 3,3,3*,3* 2,2,2,2,2*

3,3* 3,3,3,3* 4,4,4,41,4* 3,3*,3*

4,4,4,4* 3*,3* 5,5,5 4,4,4,4

5 4,4,4,4 6,6*,6* 4,4,4

6* 5 7*,7* 5,5,5*
7* 6,6* 8 6,6*

8,8,8' 7,7,7*,7* 9 7,7,7,7,7,7,A

9,9* 8,8*,8* 10,10 8*,8*

10,10,10' 10,10,10,10* 11 9,9

11,11 12 12 10,10,10

12 13,13,13 13,13,13 11,11,11*

15 18* 14* 12

v 16* 19,19,19 15,15* 13,13*,13*

17,17 20 16 14*
22,22* 21,21,21* 18 15,15

23,23* 23 22 16

27,27,27* 24 24 17

32 27 25* 22,22

51 28 26* 23,23*

27,27 24,24*

30 27

38*
S~39
S~41*

*Denotes censored observation.

;it
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APPENDIX E

MRC EVALUATION

The DDEOC MRC Evaluation form in this appendix specifies the Mainte-
nance Index Pages (MIPs) applicable to the Firemain and Auxiliary Machinery
Cooling Water System and lists the Maintenance Requirements Cards (MRCs)
that should be modified or deleted, and indicates where new MRC. are neededi

* MRC Title - Description of maintenance specified by MRC
* MRC Number - Identification number of MRC
0 Responsibility - Organizations responsible for change (if any)
0 Current Status (self-explanatory)

• Man-Hours - Personnel time burden allotted to complete maintenanco
action

* Frequency - When the MIC: maintonance action is to be pirformed, e.g.,
D -daily,, W weekly, M - mcnthly, quarterly, S -semiannually,
A - annually, C - once every cycle, R - as required

* Type - Perform maintenance (P), or survey material condition of
components (s)

•Who Performs Test - Maintenance action or teat to be performed by
tender, or DDEOC site team, or Ship's Force personnel

•Where performed (self-explanatory)

SData - Indicates whether data are recorded during performance of
maintenance action4

E-1



~'LJ __________ DEOC MRC EVALU
RU1PONSISILTY SURNINT STATUS MANMOUOR$ Palo

11 TITLE MAC . -•-NUMU" ''-

V e OLe TH CL OLO M Nh m oa P0050 0 TADOES 'IuO O
AO SNH A N O | R UV ISIO N W M . IM H

ELECTRIC MOTOR -1DUVEN FIREPUMP

I. Inepect inrAernal parts. C3-c91K X X 8.0 16.0 A

2. Operate #1 and #6 f•ropunpu for
approximately one hour. X X - 2.0

STURBNINE DRIVEN VIREPUMP
(MIP Z-37/51)

I. Inspect internal parts 55-081Q-N X .16.0 A

2. Open and inspect the firepump
discharge swing check valve. T9D** X X - 4.0

AUXILIARY MACHINERY COOLING WPTER
PUMPA/0

1. Inspe.t internal parts. 21-A13-CA X X 5.0 10.0 A

*• - Perform I4aintena•nce S - Survey Inspect.ion
t kt Kt A



SHIP CLASS: DDG-37

SMA NO: 37-201,-521 __-

MRC EVALUATION - - -ST ene

!I UI~EUU I"' WHO,,'IUTS W'"f"- Mf i l l o u l m o v~P M eN SAlo n t $ W A R W A

7.0150 PRI-00I00 PM-0OO0l F-1010 7111N019 "NIP I11 MI, T VII. ....
MiffS-SilY -AY NA NO

16.0 A R PS X ZS Us Change periodicity to a situation requirement
and accomplish when pump in opened for
significant corrective maintenance.

2.0 - ,X I's No Develop an MkC to require operation of #1
and *6 firepumps for approximately one hour
daily to dry out the motor windings.

A R P's X Z,S Yes Change periodicity to a situation requirement
and acocmplish when pump is opened for
significant corrective maintenance.

4.0 PP.S X Zs No Develop an MRC to require the monthly opening
and inspection of the firepunp discharge
owing check valvc.

10.0 A R P'S X ZS Yes Change periodicity to n situation requirement
and accomplish when the pump is opened for
significant corrective maintenance.

j.



APPENDZX F

DDEOC ACTION TABLE

DDZOC action items are presented in the table of this appendix. The
table in formatted to provide the implementation status of changes through
completion of the Class Maintenance Plan and to serve as a ready reference
to specific seotions in Chapter Three that address in detail the problem
involved.

F-1
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DDEOC ACTION TA
2 1

I VA'UATION68 T C

1. �DAELINE OVERHAUL
UQUZIRMENT8

Engine Lathe Inspect and repair aw necessary, insure 3.1.1.1
all attachments are available.

Firepump Turbine Class "al overhaul the turbine IAW TR3 3.2.4.?
0521-086-o01.

2. INTRACYCLE MAINTENANCE
REQUIREMENTS

No additional action required.

3. FOLLOW-ON ROH REQUZREMENTS

Engine LathG Inspect and repair as neces3ary, itiuure 3.1.1
all attachments are available.

Firepump Turbine class "B'" overhaul tbe turbine IAW ThS 3.2.4.7 N4
0521-086-601.

4. RELIABILITY AND MAINTAIN-
ABILITY IMPROVEMENTS

Motor and Turbine Driven Establish a uniform firepump operating 3.2.2.1 TV
Firepumps policy tot and

# Operate firepumps 3 and 5 whenever 323.

steam in available.

6 Operate firepumps 1 and 6 in port or
when under way wqn firepumps 2 and 4
are not available.

a Keep firepumps 3 and 0 set up for
automatic start to the maximum extent
possible.

NAVSEC should determine the best met'hod 3.2.2.5 NA,
for gun metal pump casing repair.

NOTE 1: DEVELOPING ACTIVITY FILL IN THE FOLLOWING BLOCKS: is, b; 3; 4; 5 (IF KNOWN); 6a, IF REQUIRED FOR CONTINUATIOI-
• NOTE 2: DDEOC EVALUATION - APPROVED, FURTHER STUDY REO'D, ETC,
t INTRI3 RESPONSIBILITY - ACTIVITY RESPONSIBLE FOR TAKING THE ATION.



SHIP CLASS: DDG-37

SMA NO. 37-201-521 .

:OC ACTION TABLE SYSTEM. Firemain and Auxiliary M;%chin.*

-I - erv Cooling Water Svstem

RkPCRtCHILING BAT

MPI.McU I Ai 'ONK5, IN, ACTUAL ACIION TAKM(PAMAI WIAOSE.

RMW ITAR? COMP,

~ ~.11.1 AVBNA 934X

'13.2.4.7 NAVSEA 934X

I
3.1.1,1 NAVSBA 934X

3.2.4.7 NAVSEA 934X

3.2.2.1 TYCOM
and

3.n.3,3

3.2.2.5 N.VSEC

R CONTINUATION OF UFVELOPING ACTIVITY TASK, 7, AS NECESARY,

S............. 
--------



•,•~~~~~~~~~~~~~~~~ ...... .... .....•......i¸...... ... ... ... :

DDEOC ACTION TA
ACTION ITEM*

OGI REPORlT

EVALUATIONO ACTION ITEM OOC RIPyITON A TIFORENCE
NO. TITLE 

.I

4. RLIABLITY AND MAINTAIN-
ABILITY IMPROVEMENTS
(continued)

Motor and Turbine Driven A run-to-failure maintenance strategy is 3.2.2.8
Firepumps (continued) recommended.

Develop a ShipAlt to implement the 3.2.2.4
recommended firepump bearing housing
vent drain relocation.

Develop a ShipAlt to install stainless 3.2.2.5
steel casings on all DDG-37 Class
firepumps.

Firepump Electric Motors A run-to-failure maintenance strategy is 3.2.3.7
recommended.

Develop a procedure to rewind firepump 3.1.1.3
electric motorR utilizing the sealed &
insulation tya>em. 3.2.3.3

Firepump Turbines A run-to-failure maintenance strategy is 3.2.4.7
recommended.

Auxiliary Machinery Construct a shield, of light sheet metal, 3.3.2.3 Ship!
Cooling Water Pump Motor over the motor. assii

Auxiliary Machinery Check the flange to flange alignment 3.3.1.3 Shi,
Cooling Water Pump between the suction and discharge piping soa

and the pump, adjusting the pump motor DDE
foundation bolts and pipe hangers as Tea
necessary to correct any misalignment.

A run-to-failure maintenance strategy is 3.3.1.5
recommended.

Develop a procedure to rewind auxiliary 3.3.2.3
machinery cooling water pump motors
utilizing the sealed insulation system.

Develop a ShipAlt to provide a mechanical 3.3.2.3
seal for the pump.

NOTE!1 DEVELOPING ACTIVITY FILL IN THE FOLLOWING BLOCKS: Is, b; 3; 4; 5 IF KNOWN); 6a, IF REOUIRED FOR CONTINUATION-
** NOTE 2: DDEOC EVALUATION - APPROVED, FURTHER STUDY REO'D, ETC.
t NOTE 3: REIPONSINILITY - ACTIVITY REIPONSIBU EOO .TAKUGQ THE ACTION. . ........ ....-...



SHiP CLASS: DDG-37

SMA NO: 37-201-521

"SYSTEM:Firmain _and Auxilia•yMchin-ACTION TABLE '_ery Cooling Water Syvtems

SCHI1ULING OATI$

RRIIONSUIITY - MM - T F1.o. ACTUAL ACTION TAKIN
(PANA) ,.,

R0IC. START COWP

.3.2.2.8 NAVSZA

i3.2.2.4 HAVSEA

3.2.2.5 NAVSEA

;3.2.3.7 NAVSEA

3.1.1.3 INAVSEA

3.2.3.3

3.2.4.7 NAVSEA

3.3.2.3 Ship's Force
assisted by IMA

3.3.1.3 Ship's Force
assisted by
DDEOC Site
Team

3.3.1.5 NAVSEA

13.3.2.3 NAVSEA

3.3.2.3 NACVES

LOR CONTINUATION OF DEVELOPING ACTIVITY TASK; 7, AS NECESSARY.



DDEOC ACTION T
4 b.

ACTION ITIM
"RIPORT

,,,. OOION ACTION ITIM OIICRIPTION RIFPRINCI
No . |VALUATIt3N (PARA.

. PLANED MAINTENANCE
SYTE CHANGES

Motor and Turbine Driven Change the periodicity of MRC C3-C91K of 3.2.2.8
FirepWmp. MIP E-28/253 and MRC 55-G13Q-N of MIP

E-37/51 from annual (A) to situation
requirement (R).

Motor Driven Firepump Establish a PMS requirement to operate 3.2.3.3
firepurps 1 ind 6 on a daily basis for
about one '., r.

Swing Check Valve Establish a monthly PMS requirement to 3.2.4.5
open and inspect firepump swing check
valves on turbine driven firepumps.

Auxiliary Machinery Change the periodicity of 14RC 21-A13-CA 3.3.1.5
Cooling Water Pumps of HIP A-19/150 from annual (A) to

situation requirement (R).

6. INDUSTRIAL FACILITY None.
IMPROVEMENTS

7. IMA IMPROVEMENTS None.

8. INTEGRATED LOGISTIC SUP-
PORT (ILS) REQUIREMENTS

Engine Lathe Insure that a qualified lathe operator is 3.1.1.1 atq
assigned to each ship.

Provide DDG-39 with a lathe with a 10" 3.1.1.1 NA
minimum swing.

All Centrifugal Pumps Provide Ship's Force with a suitable 3.1.1.2 NA
Centrifugal Pump Repair Manual.

Provide suitable ball bearing heater 3.1.1.4 I'm
ovens.

NOTE 1: DEVELOPING ACTIVITY FILL IN THE FOLLOWING BLOCKS: la, b; 3; 4; 5 (IF KNOWN); 6s, IF REOUIRCD FOR CONTINUATIO
** NOTE 2: DDEOC EVALUATION - APPROVED. FURTHER STUDY REO'D, ETC.
t NOTE 3: RESPONSIBILITY - ACTIVITY RESPONSIBLE FOR TAKING THE ACTION.



SHIP CLASS: DPG-37 '__

SMA NO: 37-201-521

-ACIONlY TABLE SYsTEM: iremain • i•.apxi•iAryMgachin-C _ery Cooling Water Svstelp*

SCHIt•ULgIgO GA~h

,ll. NUStT. .. ... .. . IMtAI, F OI ACIUAL ACTION TAKIN

RIO, START COMP,

2.2.8 TYCOM

.2.3 3 NAVSEA 934X

143.2.4.5 NAVSEA 934X

13.3.1.5 TYCOM

•3.1.1.1 BUPERS

3.1.1.1 NAVSEA 934X

13.1.1.2 NAVSEA 934X

3.1.1.4 NAVSEA 934X

R CONTINUATION OF DEVELOPING ACTIVITY TASK; 7, AS NECESSARY,



_____DDEOC ACTION T
2. 4. .

ACtION ITIM'*

IAUAT.ON"O ACTION TIM DICSCAMlION NIFIRINCIEVALUATON ** PARA,)

NO. TITLI /.A

INT•T•RATD LOGISTIC SUP-
FORT (LS) R•UMNTS
(continued)

Motor and Turbine Driven Provide APL 016021445 to all ships with 3.2.1 NA
Firepumps stainless steel pumps and insure adequate

shipboard allowances for spare parts.

Change the material requirements for the 3.2.2.3 Nh
impeller wearing rings of the firepumps
supported by APL 016020494 from stainless
steel, Class 303, to monel, QQ-N-288,
composition 8 or D.

Assign an NSN to the monel impeller wear- 3.2.2.3 Nh
ing ring, and revise APL 016020494
accordingly.

Firepump Swing Check Conduct a COSAL validation to insure that 3.2.4.5 Sh
Valve the installed firepump swing check valves

are supported by the proper AFL.

Auxiliary Machinery Add NSN 9C 4320-00-541"8843, impeller 3.3.1.3

Cooling Water Pump wearing ring, to APL 016110076 with an
allowance for two on-board spares.

-4

* NOTE 1: DEVELOPING ACTIVITY FILL IN THE FOLLOWING BLOCKS: la, b; 3; 4; 5 0F KNOWN); 6a, IF REQUIRED FOR CONTINUATIO
* NOTE 2: DDEOC EVALUATION - APPROVED, FURTHER STUDY REO'D, ETC.



SHIP CLASS. DDG-37 __

SM A NO:_ 37-201- 521 ____

SYSTEM: Firemain andAuxillaryj-1achin-'CACTION TABLE _________________________ ery cooling water_3~g

SCHIOULING OATIS
RIPON?

KIPSUOS ASPOW~IILIT1  
- ACTUhAL ACTION TAKIN10ARAI I b. LtL? STO.

Nicol START COMP.

~3.2.1 NAVSEA 934X

3.2.2.3 NAVEEC

3.2.2.3 NAVSUP

:3.2.4.5 Ship's Force

ý3.3.1.3 NAvBTJP

RCONTINUATION OF DEVELOPING ACTIVITY TASK; 1, AS NECESSARY.


