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o .,
1 This report, the Review of Experience, documents the historical main- é
) tenance experience for the DDG~37 Class Firemaln and Auxiliary Machinery E
b Cooling wWater Systems, presents an analysis of the problems encountered, :
and recommends actiona to improve system material condition. It has been 3
developed for NAVSEA 934X, the sponsor of the Destroyer Engineered
W Operating Cycle (DDEOC) Program, under Navy Contract NO00O24-78-C~4062. ;
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The goal of the Destroyer Engineered Operating Cycle (DDEOC) Program VOl
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 i
b | subsystems of designated surface combatants. The principal element of an .
e SMA is the Review of Experience (ROE). This report documents the ROE for
S the DDG~37 Class Firemain and Auxiliary Machinery Cooling Water Systems.

. The ROE is an analysis of existing and anticipated problems that affect

ﬁ; . the operational performance or maintenance program of a ship system. The )

- ROE report serves as a vehicle for assessing the significance and conse- 5.¢

quences of identified problems. The report alsc 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. -
IE ;\

The Firemain and Auxiliary Machinery Cooling Water Systems ROE include
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.




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 firepump tur-
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 followfon ROH.

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

The Ship's Force repair effort is generally hindered by the lack of:
*s 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 impaller wearing rings for the cast gun-metal casing firepumps
currently stocked in the Navy Supply System are not suited for
salt water applications.

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

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

Rellable operation of the Firemain and Auxiliary Machinexy 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
Intracycle Maintenance Requirements

Follow=On ROH Requirements

Reliability and Maintainability Improvements
Planned Maintenance System Changes

Industrial Facility Improvements

IMA Improvements

Integrated Logistic Support (ILS) Improvements

Table 8-1 summarizes all recommendations resulting from this Review
of Experience.
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Table S=-1. RKUMMARY OF ROE RECCMMENDA

TIONE

Equipment

Reccmmendation

Reason

Buseline Ovarhaul Requirements

Engine Lathe

Firepump Turbine

Inapect and repair as necessary.

Ensure that nll attachmanta are
availeable.

Farform Class "B" overhau) of cha
turbines in acoordance with TRS
0521-086+601.,

Availability of a workable
lathe is fundamental to the
ship's Force repair effort.

This typa of overhaul 1hould
be accomplished only at the
depot level,

Intracycle Maintenance Requiremen

ts

All squipments of the
Firemain and Auxiliary
Machinery Cooling
Water Systems

Accomplish existing PMS requirements
as modified by recommendations of
this report.

Existing PMS reguirements,
modified as recommended by
this report, adequutely
address required intracycle
maintenance.

Follow-On ROH Requirements

Engine Lathe

Firapump Turbines

Inspect and repair as necessary.

Perform Class "B" overhaul of the
tirblnes in acvordance with TRS
0521-0%6-601.

Avallability of a workable
lathe is fundamental to the
Ship's Force repair effort,

Estimated to be nacersary by
the end of a 60-month oper-
ating cycle.

Reliability and Maintainabllity Improvements

Motor and Turbine
Driven Firepumps

TYCOM should establish a uniform
firepump operating policy toi

* Operate firspumps 2 and 4 whenever
steam is availlable,

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

* Keep firepumps 3 and 5 set up for
autumatic start to the maximum
extent possible,

NAVSEC should determine the best
methed for gun-metal pump casing
repair and promulgate uniform
repair instructions.

Use a run-to-failure maintenance
strategy for the inetalled fire~
pumps of the DDG-37 Class.

Develop a ShipAlt to implament the
recommended relocation of the fire-
pump bearing housing vent drain.
Develop & ShipAlt to install

stainless stesl casings on all
DDG~37 Class firapumps.

Bhift the relative mainte-
nance burden from the high=
burdened 3 and 5 to the
lowar-burdened 1 and 6,

reduce the number of rewinds
of 1 and 6, and increase the
effectivenesa of the automatic
start capability of 3 and 5.

At least two different
methods of repiir are cur-
rently in use, no determina-
tion having hean made of
which method is preferred.

The mean time hatween
significant maintenance
actions is short.

Improved grease flow through
the bearing,

Btainless stesl casings pro-
vide & solution to the casing
srosion problems, and fire-
pumps 3 and 3 have more
casing sxosiol problems than
other firepumpu,

AR A
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Table S-1. {(continued)

Equipment

Recommerndation

Reason

Reliability and Maintainability Improvements

{continued)

e

e Dhedodn Sttty

Pirepump Electric
Motors

Firepump Turbine

Auxiliary Machinexy
Coollng Water Pump

Auxiliary Machinery
Cooling Water Pump
Motor

Uss a run-to-failure maintenance
strategy for the installed fire-
punp electric motors.

bDavelop a procedure to rewind the
eslectric motore utilizing the sealed
insulation system on all four
elsctric-motor-drivan firepumps.

Use a run-to=-failure maintenance
atrategy for the installed fire-
pump turbines.

Have sShip's Forca check the flange-
tc=flange alignment of the pump
and suction and discharge piping
and adjust the pump foundation
bolts and the piping hangars to
correct any misalignment. The
check should be made sach time

this pump is opened for corrective
maintenance,

llfe & run-to«failure maintenance
strateagy for the installed auxiliary
machinery cooling water pumps.

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

Conmtruct a shield of light sheet
metal over the motor.

Davelop a procedure to rewind the
electric motors utilizing tne sealed
insulation system on both motors.

Motor-rewind prevention does
not lend itmelf well to pre-
ventive maintenance based on
calendar time.

The sealed insulation system,
whon implemented, promises to
be an excellent long-term
solution to the high rate of
electric motor rawind for
motors subjected to high-
molsture environment,

The intracycle maintenance
should be minor, with major
corrective maintenance being
accomplished at BOH and
follow=on ROHE.

Reduce the intarnal wearing
parts and motor bearing
usage rates,

The mean time betwesn
significant maintenance
actions is short,

Dacrease the number of
motor rewinds.

Prevent qrounding out of
the motor due to accidental
watting.

The sealed insulation system,
when implementaed, promiges to
be an excellent long-term
solution to the high rate of
electric motor rewind for
motors subjected to high=
moisture environments.

Planned Maintsnance System Changes

——

Motor and Turbine
Driven Firepumps

Motor Driven Firepumps

Change the pariodicity of the annual
open and inspaect PMS check to a
situation requirement.

Establish a PMS requiremant to oper-
ate firepumps 1 and 6 every Jay for
about one hour.

The pump internals will be
inspected when cpened for
corractive maintenance,

Molsture accumulation will
ba prevented and the number
of motor rewinds reduced.

viii
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Table S-1. {continued)

Equipment

Recommendation

Reason .

Planned Maintenance System Changes (continued)

Swing Check Valve

Auxiliary Machinery
Cooling water Pumps

Establish a monthly PMS requirement
to opaen and inapect firepump awing
check valves on turbine driven
firepumps.

Change the periodiclity of the annual
open and inspect PM8 check to a
situation requirement.

Failure of the awing check
valve usually results in
seriocus damage to the motor
or turbine.

The pump intarnals will be
inspected when openad for
corrective maintenance.

Industrial Facility Improvements

None

IMA Improvements

None

Integratad Logistic Support (IL8) Requirements

Engine Lathe

Centrifugal Pump

Motor and Turbine
Driven Firepump

Fixepump Swing Check
Valve

Auxiliary Machinery
Cooling Watex Pump

Have individual ships take the neces-
mary steps to enmure that the as-
rigned lathe operators are gualified
in the operation and maintenance of
the equipment.

Provide DDG=39 with a lathe capable
of accommodating the impeller diam-
eter nof the largest installed
centrifugal pump.

Provide Ship's Force with a suitable
Centrifugal Pump Repair Manual.

Provide suitable ball bearing heater
ovena,

Provide APL 016021445 to all chips
with stainless steel pumps and
engure that shipboard allowances for
sparc parts are adequate,

Change the material requirements for
the impeller wearing rings of the
firepumps supported by APL 016020494
from Stainless Steel class 303 to
menol, QQ=N-288, composition B or D.

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

Conduct a COBAL validation to ensure
that the installed firepump swing
check valves are supported by the
proper APL.

Add NSN 9C=-4320-00-%41-8843, impeller
wearing ring, to APL 016110076, with
an allowance for twn on=board apares.

A workable lathe with a
gqualified cparator is fund=
amental to the Ship's Force
repair effort,

A lathe with a minimum 10"
awing iw raequired.

The organizational level
maintenance effort will he
improved.

Ball bearing removal and
reinstalletion procedures
will be standardized.

Bhip visite indicated that
ships with stainless steel
pumps did not have the
correct APLa.

Currently stocked impuller
wearing ring is not suitable
for salt water applications.

A nonel impeller wearing

ring will be less subject to
corronion than the currently
stocked stainlens stexl che.

Presant COBALsS do not always
include the inastalled swing
vheck valves.

The impeller wearing ring is
not listed on the APUL fur
the pump.
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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 BEquipment List.

1.2 PURPOSE AND SCOPE

The ROE is an analysis of existing and anticipated problemas 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 matnrial 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 considerecd.
The analysis used all avallable documented data sources from which system
maintenance problems could be identified and studled. 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.

E(r—v.—ﬁdxmﬁb‘:'_xwi\.‘. e e a L e o




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 syatem, and emergency ccoling for various
electronic and auxiliary machinery cooling systems. iIn 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 typlcal DDG=37 Firemain System (Figure A-1) and lists the components that
were identified for analysis (Table A-1). The individual systems serviced
by the firemain were not subjected to detailed analyais since they are part
of separate systems not addressed by this RCE.

The Auxiliary Machinery Cooling Water System on the DDG-37 Class sup-
plies sea water at 50 psig for various steam-driven auxiliary machinery
lube oil coolers; alr compressor air coolers; auxiliary gland leak-off
condensers; holler 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-l1 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 cocled by the 3ystem are not included in thisg 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.
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CHAPTER TWO

APPROACH

Primary data sources used in performing the ROE for the Firemain and
Auxiliary Machinery Cooling wWater Systems are identified in Section 1l.2.
The data were used to identify, define, and analyze maintenance problems
that will significantly affect the systems' maintenance program. A
racommended 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:

s Compiling relevant documented and undocumented maintenance history
data

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

* Recommending a speciflic 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 Clasa from 1 January 1970 through 31 October 1976
were screenad 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 sourcea throughout the
analysis.

2,2 MAINTENANCE PROBLEM DEFINITION

Potential maintenance problems associated with the systems and their
components were ildentified by a screening process employing data obtained




:
{
|

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

MDS data constitute. 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 againat 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 systams'
maintenance burden were melected 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.q.,

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 effact of the problem on the component and system; 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
raquired 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
condltion assessment tests and procedures.)
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* Can the problem be reduced or eliminated by improving Ship's Force,
s Intermediate Maintenance Activity (IMA), or depot-level capabilities?

* Can the problem be reduced or eliminated by periodically performing
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-fallure concept a viable maintenance strategy for the
. - associated egquipment.

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

E The historical overhaul experience for all installations of each

. selected component was then correlated with the racommended problem solu=-
R tions. An evaluation was made to establish the Baseline Overhaul, intra-
: cycle, and follow-on Regular Overhaul requirements for each selected
4 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 components are summarized in Table 3-1.

A raview of part replacement histories identified those replacement
parts within the selected compcnents requiring further analysis. Pertinent
data for these parts are summarized in Table 3-2, CASREP analysis sup-
ported the MDS data analysis performed to define repetitive or significant
maintenance actions. 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 types of fail-
ures experienced. Ship surveys and discussions with Navy technical code
personnel confirmed the existence of maintenance probleme dimclosed 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 intracycls maintenance experience:
* Piremain System
s+ Firepump (APL 016020494)
s+ Pirepump (APL 016020528)
*+ Pirepump Motor (APL 174750564)
s« Pirepump Turbine (APL 057950042)
*+* Pirepump Turbine Regulator (APL 882260195)
¢¢ Pirepump Turbine Regulator (APL 882260469)
*+ Flexible Coupling (APL 782350005)
ss+ 4.0" IPS Swing Check Valve (APL 882035712)
* Auxiliary Machinery Cooling Water Syatem
s+ puxiliary Machinery Cooling Water Pump (APL 016110078)
*¢ Auxiliary Machinery Cooling Water Pump Motor (APL 174750217)
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Table 3-2, PARTS USAGE SUMMARY FOR SELECTED COMPONENTS OF DDG-17 CLASS FIREMAIN AND AUXILIARY MACHINERY
COOLING WATER SYSTEMS

Ratio
Part Identification c“c?:t"‘ Quantity Total part | Number “:&0‘). ot Number of
pey 8hips
NBN Nomenclaturs ("I;':lf."::) Component | FoPulation |Replaced :;P:,;::‘l’ Reported
Population
Firemain Bystem
Firepump, APL 016020494/016020528
92 1110~00-864-0378 | thrust Bearing 29.74 1 80 228 378 10
9% 3110-00-158-6160 | Bearing 5.%4 1 80 19 368 10
9C 4320-00-341-906%' | Impeller Wearing Ring 6.88 2 120 196 163 10
9C 4320-00-341=9084% | Casing Wearing Ring 17.99 2 120 228 188 10
9C 4320-00-479-8862 | Impeller Wearing Ring 22,15 2 120 73 2} 9
9C 4320-00=479-0861 | Casing Wearing Ring 91.52 2 120 50 42 9
9C 4320-00~49)-2013 | Rotor Assembly 6907.68 1 80 12 20 (]
9C 4320-00-625-6917 | Bleeve 87.94 1 60 138 230 10
9C 4320-00-625-6918 | Bleeve 101.92 1 60 150 250 10
9C 4320-00-541-9061 | Deflactor 12.58 2 120 29 4 10
1HM4320-00~7686=8010 | shaft 588.00 1 80 228 375 10
Firepump Motor, APL 174750864
92 3110-00-158-6288° | Bearing 7,18 1 40 139 48 10
92 3110-00-155-6302° Bearing 15.81 1 40 119 298 10
Firepump Turbine, APL 057930042
1HM2828-00-097-1710 | Carbon Packing 7.40 ] 160 14 134 10
1HM2825-00-303-6710 | shatft Bmaring Aspembly 39,00 2 40 LX] 133 ]
1HM2828-00=3683=6731 | Bearing 041 Beal 37.50 3 60 18 30 s
Firapump Turbine Regulator, APL 882160198
9C 4820~00-446-3403 | Diaphragm 36,08 1 8 28 350 ]
9C 4820-~00-036-1516 | Neadle Valve Assembly 9.19 1 18 12 87 7
9C 4820-00=026~1516 | Valve Piston 33.38 1 i8 3 17 h]
8C 4820-00-280-1229 Piston Rinyg 4,25 2 as 22 [ 33 S
Firepump Turbine Regulator, APL 882260469
9C 4020-D0-446~3403 | Diaphragm 26.08 1 2 6 300 1
9C 4820~00~036-1516 | valve Pimtaon 33.38 1 2 ? 380 1
SC 4820-00-268-1229 | Pimton Ring 4.2% 1 4 19 478 1
dH 4320-004023«6280 Regulator 2030.00 1 2 1 50 1
9C 4820400~036~1532 | Main Valve Disc 29.10 1 2 4 200 1
Flaxible Coupling, APL 78235000%
9C 3010~00-239-3440 | Flexible Coupling 109.20 1 60 38 60 8

4.0" IPS Swing Check Valve, APL 882035712

1K 4820-00-084~9540

Check Valve

] 283,00 l 1

=

l 3 I 10 | 2

;mhll NEN was raplaced by NBN 9C 4320-00-473-8M61, effactive 2/71 (wee¢ Tablas 3-6).
'Thil N8N wan replaced by N8N 9C 4320-00-479-88A1, effmctive 2/73 (see Table 3-6),
This NON i» listed on APL 1747350564 dated 0B/05/74 but not on the sane APL dnted 03/01/76 (seo Saction

3.2,3.4),

(continuwd)
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Table 3=2. (continued)
Ratio
Current (x 100) of
Part Identification Cost Q“'pn.?'y Total Part | Number Parts N“"::‘;:"
per unit Population | Replaced | Replaced
NEN Nomenclature (Dollazy) | COMPORant to Total | RePorted
Populatien
Auxiliary Machinery Cooling Water System
Auxiliary Mashinery cooling Water Pump, APL 01611007&
9¢ 4320-00-541-0043" | Impeller Wearing Ring 6.41 2 20 97 485 10
9C 4320-00-341-8842 | Casing Wearing Ring 9.50 2 20 1n8 830 10
9C 4320-00-393+3486 | Blesva 38,61 1 20 28 140 10
9C 4320-00«119=3368 | Deflector 8.78 1 20 18 78 9
1HM4320~00=62%5-3848 | Impeller 459,00 1 20 11 85 ?
Auxiliary Machinsry Cooling Water Pump Motor, APL 174730217
92 3110-00-153-08202 | Bearing 10,26 1 20 108 828 10
92 3110+00=155-8302 | Bearing 15,01 1 20 108 530 10
2H16108-00-284~177) | Rotor 1060,00 1 20 4 20 3
2HHE108~00~500-2444 | otus 022,00 1 20 1 L 1
“Currently not listed -n th: APL (see Begtion 4.3.1.7),

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-
pump supported by APL 016020528 have been included with APL 016020494.
These systems and thair respective selected components are discussed in
detall in the following sections of this chapter.

3.1.1 Maintenance Support

Several prcblems related to the maintenance support of the Firemain
and Auxiliary Machinery Cooling Water Systems were ldentified. Since these
problems also have an impact on other DDG-37 Class systams, 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 Ve

An operable lathe, complete with attachments, and a gqualified operator
are essential to centrifugal pump maintenance at the organizational level.
Ship visitias and discussions with NAVSEC codes indicated that on the typicil
DDG=37 Class ship the installed lathe did not have all its attachments and
wags not in good working order, and only one qualified operator wae on boazd.

Table 3-3 lists the lathes currently installsd on the DDG=37 Class
shipa.

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. Thip AEL is applicable to all
DDG-37 Class shipsa.
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Table 3-3. ENGINE LATHES INSTALLED ON DDG-37 CLASS SHIPS

Hull

Numbar Lathe APL | Swing Manufacturer

DDG=37 | 410350001 | 1l¢.5" | Springfield Machine Tool Company
DDG-38 | 410350001 | 16.5" | Springfield Machine Tool 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 Ino., 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 | l5.0" Sheldon Machine Company

A review of tha 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 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. Aas 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 condensata
pump rotors, while all the other DLG-37 Class shipa could turn all installed
centrifugal pump rotors.

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

The {ollowing spescific maintenance actions applicable to centrifugal
pumps cannot be accompliched without an operable lathe and a qualified
operator:

* Wearing ring replacemaent (both casing and impeller)

* Proper hall bearing fit-up if shaft or bearing housing dimensions
are out of specification

11
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¢ Flexible coupling replacement

* Pump and motor shaft replacement or repairs
The following actions are recommended:

* All the lathes installed on DD(~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 qualifiud in the operation and maine
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 accomplished by
Ship's Force and IMA 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 that was
prepared for PMS 306 in support of the Shop Qual.ification 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 less comprehensive and does not provide the required
detailed procedures.

A manual similar to the Shop Procedures Manual hag been prepared for
the COMNAVSURFLANT Centrifugal Pump Overhaul Training Team. This manual,
Centrifugal Pump Repalr, Volume I, is currently in review; it covers all
aspects of centrifugal pump repair.

A third manual, Bearing Handling and Maintenance for Extended Oper=-
ating Cycle, iB 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-
spaction, measurement, and repair techniques. A comprehenaive centrifugal
pump raepair 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 repailr, 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 Eleatric Motor Winding Insulation

IMAs are currently rewinding motors in accordance with NAVSEA 0900-
LP=-060-2010, Technical Manual, Electrical Machinery Repair, Volume I,
Elactric Motor Repairs. This was developed as a "bench type" manual for
implementation by TYCOMs in IMAa. 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 consldered adeguate 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".
m™ais new system uses different varnighes and a vacuum-pressure impregnation
rprogedure 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 e=lectric motor rewinds will be accomplished
by certified sjudustrial activities within the next calendar year. The
certification process will be conducted under the auspices of NAVSEC and
will ir.slude such tests as operating a rewound motor under water (a reguire-
ment for certification only and not a production quality control test due
to aydrodynar ¢ force considerations). A major drawback to full implemen=
tation of the sealed insulation system is the problem that will be encoun=
tered Ly IMAs in attempting a conventional rewind on a motor equipped with
the sealed insulation system. Conversations with NAVSEC and AD-38 Rewind
Shop parsonnel indicate that conventional burn-out-oven procedures for
jnsulation and winding removal cannot be utilized with the sealed insula-
tion system. Special equipmerit in the form of winding cutters. pullers,
and burners will be required if IMAs are to rewind electric motors equipped
with a eealed insulation system. NAVSEC and TYCOM technical codes are
in' sstigating procedures and special equipments required to provide IMhs
with the capability to remove sealed insulation system windings and rewind
nlectric motors using conventional procedures and insulation when a certi-
iled 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
racommended 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 reaponsible for the high failure rate. NSRDC
personnal have indicated that the most important factors are:

* Improper ball bearing installation procedures
* Noncompliance with ball bearing fit-up criteria
*+ 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 tachnical
personnel at NAVSEC and NSRDC, Annapolis, Maryland, the procedures and
fit-up criteria used in bearing replacement on electric motors are ap-
plicabla to most centrifugal pump applications as well,

Discuasions 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. Bearinga that are not preheated are normally tamped on with
brags 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 hall
bearing haeaters.

* 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. épecific repairs that normally
cannot be accomplished by these personnel include the following:

* Pump casing repairs

* Pump shaft manufacture
¢ Pump motor balancing

* Electric motor rewind

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

* Steam turbLine wheel repairs and balancing

These repairs to the Firemain and Auxiliary Machinery Cooling Water
Syatems can be accomnplished 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 praferred since they are better
suited, having bester-equipped facilities and more experienced personnal.

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 SY3TEM

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. Pigure A-l 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 Location

Numbex
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 ar Main Control)
4 Turbine | No. 2 Fire Room (After Fire Room)
Motor No. 2 BEngine Room (After Engine Room)
6 Motor No. 2 Pump Room (After Pump Room)
15
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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 stailnless steel casings and revising the military specifica=-
tion for future procurements of centrifugal pumps. The revised material
gpecifications for salt water firepump manufacture are:

* Casings and impellers of stainless steel
* Casing 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 stalnless steel
cagings installed, and the degree of pump reliability imprcvement achieved
through the DART Program has yet to he determined. These eight pumps are
nearly identical to the Warren Type ~3 DBH-10 except that the 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)
Nﬁgiir Quantity Nizgzr Date Installed

DDG-38 1 Unknown | March 1975

DDG-39 1 3 June 1976

DDG=-40 1 Unknown | September 1975

DhG-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
APL for the new punp. Two ships were reporting maintenance data for the
stainless steel pumps under the old APL (016020494) for the cast gun=~
metal pump casing. No MDS data had been reported against APL 016021445
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for the stainless gteel 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
maintenance.

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 adaquate.

3.2.2 Wwarren Type -3 DBH-10 Firepump

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 gteam
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). HNumbers 2 and 4 use 600 psi auxiliary
steam as a prime mover, and their operation requires that a main boller 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 bacause of the increased flow of the
firemain to the buoster 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 firepumps 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 Clags 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 1esult are
operated sparingly. The eleztric-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 firemain with only one pump, but this is more the exception
than the rule. The Ship's Information Book (SIB) for DDG-37 Class ships
[81IB, DLG-9 (DDG~40), NAVSHIPS 0905-475-4010, Volume I] has a table of
"gample firepump combinations with missiles aboard" ghowing various fire-
pump combinations that can be used during wvarious matarial conditions of
readiness., The SIB places no restriction on the undaerway 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 thelr location, they did
not operate firepump 1 or 6 while the ship was under way for fear that the
pitching of thae 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. 1In a heavy seaway, accompanlied by the pitching motion of the
bow, it is possible that this pump could lose suction because of {l) emer-
gence of the sea chest or (2) hydrodynamic flow separation in the vicinity
of thea 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
Diesal has no restriction against operating in heavy weather conditions, if
necesgary, to provide emergency power.

Similarly, the sea chest providing sea suction for firepump 6 is
located at approximately frame 191 and is in the stern cut-away section
of the hul)l. It is shared with the suction line from the No. 2 Emergency
Diesel Generator Salt Water Circulating Pump. This Emeirgency Diesel
Ganerator is also designed to operate without restriction in heavy weather
conditions, 1f 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 firepumpas 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 assoclated 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-hour 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 pariod 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 oparating year (see Appendix B).

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

* Wearing rings

¢« Bearings

« Rotor assembly

¢« Shaft
¢« Impeller
*« cCasing

¢ Flexible coupling

The apecific maintenance-related problems assoclated with each of the
listed firepump components are addressed in the following sectlons.

3.2.2.3 Wearing Rings

Tha 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 monel 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
regulted 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. 1In the latter case the problem was less severe because
of the rubber O-ring seal between the casing wearing ring and the casing.

A rasult of the DART firepump improvement program was to change the wearing
ring material as follows:

* Change the impeller wearing rings from gun metal to stainless steel

* Change the casing wearing rings from bronze to monel
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An Item Description (Form DD-146) readout was conducted on 1l October
1977 by personnel in the technical section of SPCC Mechaniesburg, Pa.,
to determine the material composition of the firepump wearing rings cur=-
rently stocked in the Naval Supply System. This inguiry revealed that
the casing wearing ring material is monel, which is in accordance with
NAVSEC recommendations, but the impeller wearing ring material currently
gtocked is stainless steel, Class 302, 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 applications and that the galvanic corrosion
at the stainless steel-nonel 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

NEN Description Material

9C 4320-00-479-8861 | cagsing Wearing Ring Nickel-copper alloy (monel),
Qp-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-763,
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 ateel impeller wearing ring with one manufac-
tured from monel), QQ=N-288, Composition B or D. This will entail aasigning
a8 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 firepump is equipped with two externally grease-lubricated ball
bearinge, 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.l.4 suggest that
the bearings stocked in the Navy Supply System are perfectly adequate for
thelr 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 raport, 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 ansure 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-
s8ible 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.

Assumed pressnt
qresne tlow

pProponed
grease fiow

-
sovnvnns ....':) offerresdighes

\nmmm.a?g N ph

. proposed
b, looation of
174" pipe plug

1/4" pipe plug
[prasont Locatlion}

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 casings

Table 3-7 shows the number of reported significant casing-ralated
maintenance actions per pump. Firepumps 3 and 5 had far more reported
casing repairs than the other four firepumps. fThe MDS8 narratives indi~
cated that erosion of tha pump casings was a serious problem. Saction
3.2.2.1 addressed firepump utilization'on DDE-37 Class ships, indicating

Table 3-7. CASING REPAIRS
PP | \ceions Requiring | FESSRE
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 a 100.0
*All ships of the DDG-37 Class.

that historically firepumps 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 firepumpe are identical, it is con~-
cluded that the higher utilization of pumps 3 and § is responsible for
their higher rate of pump casing repairs. Operating all firepumps on an
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equal cperating 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
corrogion. 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 pilece 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 erpded areas directly by welding on new
material and then machining it down. Both methods give good results for
the ghort term. Data on long-term performance of pumps whose casings have
baen 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-borad 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 >roper installation and alignment.
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3,2,2.7 Freguency 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 baen 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 uring a
Weibull hazard plot*. The data period used for the Welbull analysis extended
from the date of the first significant maintenance actions to the end of the

Table 3-8, SIGNIFICANT MAINTENANCE ACTIONS FOR FIREPUMPS (PULMP ENDS)
Maintenance Actions Mean Time Between
: Significant
Pamp | Driver | e [ UEN | moran | e | e Honthas
1 Motox 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 Fallure 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, 3-13, and 3-15).
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MDS data period. The time spent in ROH and RAV was not considered; however,
becausa of the method of determining the starting point for the Weibull
analysie, the Weibull analysis period does not equal the ship operating
years. Appendix D presents thc data used to calculate the means.

Table 3-8 indicatea 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 ldentical; therefore, the most logical reason for the higher
maintenance burden and lowsr mean time between significant maintenance
actions is an operating time difference between the firepumps. Conversa-
tiong with Ship's Forca personnel, as discussed in Section 3.2.2.1, confimm
that firepumps 3 and 5 are in fact oparated most, followed by pumps 2 and
4, and 1 and 6. The principal problem associated with routinely operating
firepumps 3 and 5 rather thun the other firepumps is the reduction in the
effoctiveness of their automatic start capability in the event the booster
suppression system iz activated. Firemain augmentation in support of the
booster suppression system is automatically accomplished if firepumps 3
and 5 are secured and set to start automatically) 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 thercfore recommended that a uniform policy for fircpump opera-
tion on tha 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 intc the firemain
system (2 of & firepumps requirad for normal system operations) and all
firepump repairs are within the capability of either 8hip's Force or an
IMA, it i3 concluded that a run-to-failure maintenance strategy should
be adoptud for the fivepunps. There is no penalty for an in~service
fallure, because (1) the firepumps aro redundant and (2) there is no
significant difference in the maintenance burden assoclated with a routine
open-and-inppact procedure and that assuclated with a normal firepump
repair resulting from an in-service fallure,

It is further recommcnded that the annual open-and-inspect PMS re-
quirement for both the 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 maintenanca.
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3.2.2.9 Recommendations
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The following is a summary of the recommendations applicable to the
Warren Type -3 DBH-10 firaepump:

* Near Term

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

= Operate firepumps 1 and & in port or when under way when
firepumpa 2 and 4 are not available.

- Keep firepumps 3 and 5 set up for automatic start to the
maximum extent possible (if this is accomplished, the
priority for stainless steel pump raplacement changes since
firepumps 3 and 5 will operate less than the other 4 fires-
pumps and thus should not be replaced by stainleas steael
firepumps before the other 4).

Change the material requirements for the impellsr wearing rings
of the firepumps supported by APL 016020494 from stainless
steel, Clasa 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-fallure maintenance strategy for tha installed
firepumps of the DDG-37 Class as discussed in Section 3.2.2.8.

Change the periodicity of MRC C3-C9lK of MIP E-28/252 and
MRC 55-G810~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 the
firepump bearing housing vent drain as described in Figure 3-1.

Develop a 8hipAlt 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 £irepumps 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 higtorical
and proposed operating modes of the installed firepumps is applicable to
the firepump electric metors. In particular, the automatic start features
of pumps 3 and 5, the remoteness of pumps 1 and 6, and the unegual opera-
ting times are especially pertinent to the following discussions.

3.2.3.2 Overview of Motor Maintenance Buxrden

MDS data, as shown in Table 3=1, revealed that the maintenance man=-
hour burden associated with the Ffirepump elactric 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 NAVSEC)/personnel indi-
cated that the firepump motor was one of the high-maintensnce-burden items
in the Firemain Syatem. From these discussions, typical significant maine
tenance actions for the firepump motor were defined as follows:

* Rewinds
* Bearing replacement
* Shaft replacement

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

3.2.3.3 Rewinds

A review of MDS narratives revealed that 67 firepump motor rewinds
wera accomplished during the data period. Table 3-9 lists the number of
rewinds on each of the installed firepump motors. It shows that firepump
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 wera 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 of Total
1 21 3l
3 12 19
5 7 11
6 26 39
Total 67 100

of required firepump motor rewinds for firepumps 1 and 6. No f£irm data

ware 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-~
ed 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, cordansation forms in the windings. This can result in grounde
in the wirdings and may well cause a motor to burn out upon start-up. A
near~term solution is to establish a PMS reguirement to cperate 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 ilnsulation system (discussed in
Section 3.1.1.3), which is less gusceptible to grounding from moisture.

3,2.3.4 Bearings

The firepump motors are eguipped with two double-shilelded ball bearings.
Table J-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 recommendsrd 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 raplaced 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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L. accordance with the fit-up criteria required for that size bearing. The
v principal cause of bent shafts and scored journals is the improper use of
G e bearing pullers during bearing removal. A reduction in shaft replacements
- would be realized by the use of a suitable Centrifugal Pump Overhaul Manual
as digoussed in Sections 3.1.1.2 and 3.1.1.4.

3.2.3.6 FPraquency of Rapairs

| B To determine the mean time between significant firepump motor mainte-
o 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- N
nificant malntanance actions by firepump motor number, the number of actions 13
accomplished by IMA and ship's Force maintenance personnel, and the mean ‘
time between significant maintenance actions.

;l Table 3-10. SIGNIFICANT MAINTENANCE ACTIONS FOR FIREPUMP MOTORS % :
; "
. Maintenance Actionsg Mean Time Between ]
¢ Significant
e Ship's Percent Maintenance
o Motor MR 1 porce Total | of Total Actions in Months*
;
] 1 27 4 a 32 19 3
3 13 8 21 22 38 k
_ 5 7 3 10 10 43 ]
' -
6 27 8 35 36 14 :
' \
S Total | 74 23 97 100 - 1
Percent | 76 24 - - -
of Total ;
i *The mean times between significant maintenance actions were cal= :
culated by using the censored data as described in Appendix D. i
P i
Co Table 3-10 indicates that the firepump motors 1 and 6 accounted for i

g 68 percent of the aignificant maintenance actions and had a mean time he=- :
] tween significant maintenance actions considerably lower than that of i
_ firepump motors 3 and 5. This difference is due primarily to the higher i

( 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 tho recommendations made in Secotion 3.2.3.3 to i
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 i
firepump operating policy to distribute the operating times evenly. ;
A
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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-fallure maintenance strategy is recommended for the firepump
motors. This strategy is in line with the recommended strategy 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 recommend:itions applicable to the
Reliance 60 hp Firepump Electric Motor:

¢ Near Term

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

*+ BEgualize the operating times of the electric-driven firepumps
as discussed in Saction 3.2.4.1 to aid in the prevention of
motor rewinds on 1 und 6.

*+ Usge 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
1l 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 pregsure is reqgulated 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 foundatloneg that rest on a common bedplate. They are connected
via a flexible coupling.

3.2.4.2 Overview of Turkine Maintenance Burden

MDS data, as shown in Table 3-1, revealed that the maintenance burden
associated with the firepump turbine and requlator 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.

30

T IR T T

WESTERITT T




CASREP analysis revealed that five reporhs were submitted against the
firepump turbine and regulator during the period 1 July 1973 to 30 June
1976, corresponding to an average CASREP gubmittal rate of 0.24 TASREPs par
ship operating year.

Discussions with Ship's Force, IMA, SIMA, and NAVSEC rorsonnel indi-
cated that the firepump turbine is considered to be a low=maintenance=
burden item and is fairly reliable. The major effort by Ship's Force
cen:ers on preservation of the turbine and its assoclated piping and re-
palzs 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:

* Pregsure regulator
¢ Bearings

* Carbon seals

The apecific maintenance-related problems assoclated with each of the
turbaine components are addressed in the following sections.

3.2.4.3 Pressure Ragulator

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

Converaations with cognizant technical personnel revealed that the
majority of the raepairg to the regqulator dealt with replacement of internal
parts such as diaphragms, gaskets, power piston rings, and needle valves.,
Ihis 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 discuasions with Ship's Force technicians involved in maintenance
of the regulator.

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

APL Class Diffaerence
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 Materlal 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 gervice during an extended operating cycle if they
are overhauled in accordance with TRS 0521-086-60l1. Cognizant repair
personnel and manufacturer representatives indicated that overhauls accom-
plished by facilities othar than the manufacturer have not been as success-
ful as overhauls accomplished by the Laslie Company. In the past year the
Leslie Company has entered into contracts with several Naval Shipvards
(PHNSY, CNSY, NNSY) to provide services for overhaul of regulators and
reducing valves, but a satisfactory overhaul of the ragulator by an IMA or
depot should be possible if the overhaul is performed in accordance with
TRS 0521-086~601.

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

3.2.4.4 Turbine Bearings and Seals

Tha 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 typlcal 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 luvhe ¢ 1 sump during periods of
nonoperation. The adverse effects of water .. 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 (EOSS).
These procedures provide for draining off any water accumulated in the
lube oil sump prior to light-off.

A fallure 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 nil starvation.

3.2.4.5 BSwing 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 unacrew and jam the impeller and pump

shaft in the firepump casing. The firepump shaft had to be cut to facilie

tate removal. The failure of the swing check valve on the turbine-driven

| firepump iz even more catastrophic in that the turbine shaft is driven
backwards. The installed lube coil pump does not supply oil to the bearings

: when operating in reverse, and the resultant oil starvation at the wearing

i surfaces of the turbine journal bearings causes the bearings to wipe.
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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
4 to the body of the valve. The failure of this nut causes the disc to
s become cocked and not seat properly when the firepump is secured and the
. firemain pyressure forces the swing check (disc) to the closed position.
The diagc, body, arm, and hinge of the valve are made »f bronze, while the
] disc stud and nut are brass. 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 boady. The nut can be replaced in approximately three to
five man=hours without removing the swing check valve from the system.

o o S b R
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} A near-term solution to the problem is to establish a PMS requirement
i to inspect the condition of the hinge, stud, nut, and disc of the swing

1 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
|

l
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i . turbine.
a MDS data showed that APL 882035712 was reported by five of ten’
E : DDG-37 Class ships as the APL that supported the installed firepump dig-

charge swing check valves, The remaining five ships of the class reported
, MDS data for firepump swing check valves under several other APLs. A

j : review of TY(COM COSALs revealed that none of the APLs reported in the MDS
i daty are listed as being installed in DDG=37 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.

et >3

3.2.4.6 Fraquency of Repair

To determine the mean time between significant firepump turbine main-
tenance actions, MDS narrative data were examined in detail, and 34 signif-
lcant 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
identiflied 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
Ship's . Percent Maintenance
Turbine IMA Force Total of Total | Actions in Months*
2 7 11 18 53 25
4 4 12 16 47 32
Total 11 23 34 100 -
Pexcent 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 was 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 aftar the
overhauls.

As shown in Table 3-11, the mean time between significant maintenance
actlons 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
S8ection 3.1.2, overhaul by an industrial activity, with its special facil-
ities and more experienced personnel, is preferrad. 1In addition, the
removal of the entire *turbine assembly, including badplate, to an induatrial
repalr shop would allow a complete and thorough inspection of the turbine
and would facilitate 8hip'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~GB8lS=-N of MIP E-37/51-65, is normally
scheduled for accomplishment during shipyard overhaul, as per scheduling
aid on MIP E-37/51-65.)

A run-to-faillure mailntenance strategy ils recommended during the
opearating 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 turbine:

* Near Term

*+ ghip'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 pressurs regulator unless they are
provided with the exact original dimensions.

*s 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 firepunp turbine,

* Long Term

**  Conduct COSAL validation to ensure that the installed firepump
swing check valves are supported by the proper APLs.

** 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
pumpe that supply sea water to the auxiliary machinery cooling water mains
at 50 psig. Appendix A includes a line diagram of the typical DUG=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
salected pump information for this system.
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Table 3-12. AUXILIARY MACHINERY COOLING WATER PUMPS AND
LOCATIONS
Pump
Number Pump Location Spaces Serviced
1 No. 1 Pirercom | Forward System: No., 1l Pireroom and
No. 1 Engineroom.
2 No. 2 Pireroom | After System: No. 2 Fireroom, No. 2
Engineroom, and the main shaft stern
tube cocling, 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 enginercom. They cannot be cross-
connected, and each system is served by a dedicated auxiliary machinery
cooling watesr 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 merved by the system. An emergency
cooling water supply is provided for each system via a 125 to 50 psig
reducing valve, in each enginerocom, from the firemain. This source pro-
vides cooling water to the auxiliary machinery when the dedicated pump is
down for maintenance.

No CASREPs ware 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 Bagkground
The Aurora Type GNC Centrifugal Pump is a 3500 gpm, single-stage,

horizontal, centrifugal, close coupled motor-driven unit supported by
APL 016110076.

3.3.1.2 Overview of Pump Maintenance Burden

MDS data, az shown in Table 3~1, revealed that the ﬁnintanance man-
hour burden associated with the auxiliary machinery cooling water pump wae
approximately 27 man-hours per componant operating year.

From discussions with S8hip's Force, 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
* Bhaft sleeves

* Impeller
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The specific maintenance-related problems assoclated 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 cansad binding of the
impeller wearing rings against the casing wearing rings, resulting in exces-
sive wear. B5Ship's Force personnel said that loud noises emanating from the
pump ugually 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 rmsalized
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
punp when the suction and discharge piping is bolted up. This alignment
chack should be made each time the pump is opened for corrective maintenance,
Proper piping alignment should reduce the motor bearing replacement rate as
well as the pump internal wearing part replacemant 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
manval recommended for development in Section 3.1.1.2.

NSN 9C 4320~00-541-8843, impeller wearing ring, was reported in the
MbS 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 TI'requency 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 ildentified significant maintenance actions by
auxiliary machinery cooling water pump number, the number of actions
accomplishud by IMA and Ship's Force maintenaice personnel, and the mean
time betwean significant maintenance actions.

Table 3~13 shows that the maintenance burden is rather evenly dimtrib-

uted between the two pumps and that the mean times between significant
maintenance 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 | H

Maintenance Actions Mean Time Between R

Significant 5

Ship's Total Percent Maintenancs R

Pump IMA | PForce of Total | Actiona in Montha* O

_ l‘ﬁ

1 12 18 30 48 17 .

2 12 21 33 52 17 a ’
i Total | 24 39 63 - - Fl
b St
E- Percent 38 62 - - - y
W , of Total =
k ' *The mean times betwsen significant maintenance actions were cal- ' s
| culated by using the censored data as described in Appendix D. .
5 | ¥

i operated about the same amount of time and that the different locations
F o (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 actiuns is the alignment :I
problem discussed in Section 3.3.1.3.

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 significent maintenance actions may s

i not be ralated to the pump itself but to the axternal forces on it caused ]

' by misaligned suction and discharge piping. As shown in Figure A-l of |
Appendix A, redundancy is provided by a 125 to 50 psig reducing valve ,f
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 ‘

E concluded that a run-to-failure maintenance strategy should be sdopted for
the auxiliary machinery cooling water pumps and that the annual open-and-

' ingpect PMS requirement be changed to a situation requirement. Furthex, on

L the basis of ship visit inquiries, the man-hour requirement should be

increased from 5 to 20.

"

3.3.1.5 Maintenance Strategy .?
|

|

i L S

3.3.1.6 Recommendations

The following is a sunmary of the near=-term racommondations applicable
to the Aurora Type GNC auxiliary machinery ccoling water pump:

A At e a3

+ Ship's Force maintenance personnal check the flange-to-flange align-
ment of the pump and the muction 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 correct any miszalignment.
. Detailed technical guidance on how to conduct alignment checks

o should be provided in a comprehenailve centrifugal pump overhaul

v manual, as discussed in Section 3.1.1.2.

‘ * Adopt a run-to-iailure maintenance strategy for the auxiliary
: machinery cooling water pumps.

* Change the periodicity of MRC 21-Al3-CA of MIP A-19/150 from
Annual (A) to Situation Reguirement (R).

i *  Add NSN 9C 4320-00~541-~8843, impeller wearing ring, to APL 016110076,
with an allowance for two on-hoard spares,

P P PP S SRR

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

3.3.2.1 Background

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

3.3.2.2 Overviaw of Motor Maintaenance 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 componant operating year. Parts usage information shown
in Table 3-2 is indicative of the types of repalr parts historically re-
quired for maintenance actions during the data period. No CASREPs were :
reported against the electric motor during the period 1 July 1973 to i
30 June 1976.

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

* Rewinds

BT et Svenfi et b L 5

Lo * Bearing replacement

* sShaft 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 MD8 narratives reveeled that a total of 67 auxiliary - E
machinery cooling water pump electric motor rewinds weve accomplished
during the data period. Table 3-14 lists the numbar of rewinds on each of
the motors and shows that the 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
REWINDS
Motor Number Rewinds Percent of Total
1 12 46
2 14 54
Total 26 100

cooling water pumps are operated about equally and that their locations,
although in different firerocoms, do not significantly affect their mainte=-
nance burdens. A review of the MDS narratives and conversations with Ship's
Force personnel identified the following as the primary causes of rewinds

for these motors:

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

motor)

* PFallure of the packing glands, allowing water to spray on the motor

The problem of accidantal 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 bacause they are hori-
The main feed booster pump motor, for
example, ls vertical and has a shield bullt into its top that protacts it
from accidental wetting. The auxiliary machinery cooling water pump motor
is horizontal and does not have a shield.
the motor and enter through the air intake on one end, thus grounding out
the motor. Some ships have constructed light sheetmatal shields over these
motors to protect them from accidental wetting.
inexpensive recommendation ie to have IMAs construct a suitable sghield over

gontal instead of vertical motors.

Tharefore, water can flow over

the motors to protect them from accidental wetting.

Ship's Force personnel raeported that packing ¢gland failures on the
pump usually caused sea water to be sprayed on the motor, which aometimes

resulted in grounding of the windings.

are sprayed with sea water,

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,
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The inastalled packing material is
normally Teflon~impregnated braided asbestoa with a conventional gyland
arrangement. A properly installed mechanical seal would probably reduce
the number of motor rewinds by reducing the number of times the motors
it i3 therefore recommended that a ShipAlt
be developed to provide the auxiliary machinery cooling water pumps with

The mealed insulation system discussed

A near-term, relatively
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in Section 3.1.1.3 promises to be an excellent long-term solution to the 3
high rewind rata for motors subjected to high-moisture environments. It Sl
is therefore recommended that these electric motors be rewound with a 3
sealed insulation system. x

3.3.2.4 Bearings

The auxiliary machinery cooling water pump motors are fitted with two
double=ghielded ball bearings. As indicated in Table 3-2, more than 500
percent of the total ¢lass population of the installed bearings were re- 1
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 o
piping are probably the major cause of the high ball bearing failure rate.
The recummendations made in Section 3.3.1.3 for ensuring the flange-to-
flange alignment of the piping tc the pump are applicable to the motor
bearings also.

From discussions with Ship's Force personnel, it appears that the
- maintenance problems ausociated with ball bearing removal and replacement
- are gimilar to those discussed in Section 3.1.1.4 and that the recommenda-
P tiona to provide improved technical documentation and bearing heaters are
' also applicable to the muxiliary machinery cooling water pump motor.

3.3.2,5 Shaft Replacoement

Ship's Force and IMA maintenance personnsl reported that shaft replace- :
ment is usually caused by the improper use of gear pullers in removing y
aither the motor hearings or the pump impeller. The pump end of the shaft B
is sometimes damaged by the improper use of a gear puller in that the
threaded end beccomes flared to such an extent that the impeller nut cannot 3
be installed properly. In many cases, Ship's Force personnel "stub" tha .
shaft and reassemble the pump and motor. The stubbed shaft is normally A
not balanced since Ship's Force does not have a shaft-balancing capability. A
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

3.3.2.6 Frequency of Repairs

To determine the mean time between significant maintenance actions,
MDS narrative data were examined in detall, and 122 significant maintenance
actions were ldentified. Table 3-15 gsummarizes the identified significant
maintenance actions by pump motor number, the number of actions accomplished 4
by IMA and Ship's Force maintenance personnel, and the mean time between 3
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-couplad 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 3-15. SIGNIFICANT MAINTENANCE ACTIONS FOR AUXILIARY
MACHINERY COOLING WATER PUMP MOTORS

Maintenance Actions Mean Time Between
Significant
Motor Ship's Percent Maintenance
Number IMA | porce Total of Total | Actions in Montha®
b 28 26 54 44 13
2 a5 33 68 56 12
Total 63 59 122 100 -
Percent 52 48 - - -
of Total

*The mean times between significant maintenance actions were cal-
culntod'by using the uonlofod data as described in AppendixD.

mean time between significant maintenance actions is driven by the fallure
of the pump-side motor bsaring., This failure is caused primarily by miz-
alignment of the suction and discharge piping to the pump end, which causes
torsional forces to be appliaed to the pump end, wearing rings, shaft, and,
ultimately, the motor bearings when the pump suction and discharge piping
is bolted up. Thim problem, as discussed in Section 3.3.1.3, should be
reduced by the promulgation and use of the comprehensive centrifugal pump
ovaerhaul 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 inmplementation 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 Regommendations

The following is a summary of the recommendations applicable to the
Reliance 25 hp Auxiliary Machinery Cooling Water Pump Motor:
¢ 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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S * Long Term
** Develop a ShipAlt to provide a mechanical seal for the pump.
** Rewind the motor, incorporating a sealed insulation system.

] 3.4 RECOMMENDED MAINTENANCE STRATEGY FOR FIREMAIN SYSTEM COMPONENTS AND
flie AUXILIARY MACHINERY COOLING WATER SYSTEM COMPONENTS

i The results of this analysis have shown that the mean tima between
._=§ significant maintenance actions is short for the firepump, firepump motor,
oh | firepump turbine, and auxiliary machinery cooling water pump and motor.

2 I It has also been shown that there is enough redundancy in the Firemnin and

Auxiliary Machinery Cooling Water Systems that an in-gervice failure of one

; equipment will not normally cause a failure to the syastem. Since Ship's

4 i Force personnel are normally capable of performing corrective maintenance

AN on these equipments, it is concluded that a run-to-fullure maintenance B

. strategy should be adopted during the operating cycle for the following [
squipments of the Firemain and Auxiliary Machinery Cooling Water Systems: :

* fTurbine and Electric Driven Gun Metal Casing Pirepumps
* PFilrepump Electric Motor
¢+ Firepump Turbine

* Auxiliary Machinery Cooling Water Pump Motor

;l' ' ¢ Auxiliary Mschinery Cooling Water Pump
| 3.5 BASELINE OVERHAUL REQUIREMENTS
‘ The Baseline Overhaul concept of the DDEOC Program is to provide the §
| maintenance neceasary to restore a system to a condition in which, with a :
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 as follows:

REW Y

* Engine Lathes - The Ship's Force maiutenance effort is hindered by
i inadequately muintained engine lathes., 1t is recommended that ail
' lathes installed on DDG=37 Clase ships be inspected and repaired as
) necessary during BOH to ensure that they are in good working order
o and that all attachments and accessories are avallable. 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 lo“,

AT BRI
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* PFirepump Turbine - A depot-level Clams "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 3
the removal, repair, balancing, and reinstallation of a steam
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turbine with consistent success. 7The overhaul itself 1s recommended
on the basls of engineering judgment of what would be required to
guarantee relisble operation throughwut the operating cycle.

The resulte of this analysis do not support the routine Class "B"
overhaul of all of the equipments of the Firemain and Auxiliary Machinery
Cooling Water Systems as recommended in the "Repair Profile for Baselina
Overhaul (BOH) cf DDG-~37 Class" of May 1977. 0Only the recommendation fcr
Class "B" overhaul of the firepump turbine is supported (see Section
3.2.4.7 of this ROE).

Table 3~15 lists the BOH repalr recommendations for SWRS 521 and 524 as
listed in the DDG-37 Class BOH Repalr Profile und the rationale for their
deletion.

3.6 INTRACYCLE AND FOLLOW-ON R(OH 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 machinery cooling water pump motor. and
valves, with the exception of motor rewinds, motor balancing, and casing
repairs. The maintenance achions that cannot be accomplished by Ship's
Force (gsee Section 3.1.2) do not lend themsclves to preventive maintenance
aud are thus normally accomplished only as currective maintenance. There-
fore, the nnly 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 RCH overhauls recommended are the Class “B" over-
hauls, in accordance with the TRS 0521-036-601, of the firepump turbine by
an industrial Ffacility.

The installed engine lathes should be inapected and repaired as
: necessary at each follow-on ROH to ensure that they are in good working
% order and 2re provided with all the necessary attachments.
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Table J-15. RECOMMENDED CHANGES TO THE DDG-37 CLASS REPAIR PROFILE FOR BOH

Repair Profile ltam

Rationale for Deletion

521

Eirenain and Fluahing Syntem
1. Pire and Flushing Pumpa
a, DNumps
{1} overhaul IAw TR8

b, Motors
(1) Ovarhaul IaWw TRS

@, ‘Turbines

(1) Overhaul IAW TRS
d. controllers

{l) Class "B" Overhaul

a, Test IAW 1200 pai
Procedures

A run-to-failurv maintanancw strategy combined with an aggressive
vorructive and preventive maintenance program will precinde the
routint overhaul aof firepumps at BOH. ‘There was nu conclusive
evidehve that the overhaul of the firapumps at BOH, without regard
to material condition, would he dexirable or cost-effectiva.
Therefore, ruvutine overhaul of firspumpa at BOH js not recommended.

A run=-to-failurs maintenance strategy im recommended tor firapunp
motors in Section 3.2.3.7 of this ROE. This recommsndation ia
predicated on the fact that motor rewinds and motor bearing
replacements are almost impossible to predict since they are
usually caused by externul factors, incvluding misalignmont, which
will not be reduced or eliminated by preventive maintsnance in the
form of routins overhauls of functioning electric motors. There-
fore, the routine overhaul uf firepump alectric motors at BOH is
not recommended,

No change.

Curre: & PMS procedures ara adequate to maintaln thesa equipmentn
in guud waterial conditiun, No si-nificant vecureing intra=cycle
malntenance has been reported, and thare urc no data to support
the routine overhaul of motur aontrollers.

No change,

$34

Auxiliesy Sea Wates Bystem

1. Auxiliary Machinery Couling
Water Pumps and Motors

&, Overhaul 1AW TRS

2. Controllers
a, Class "B" Overhaul

3. Test in agecord ithoe with
1200 pai Tost Prucedure

As digcussed in Scotions 3,3.i.4 and 3.1.2.86 of this ROE, the
mean timie betwsen sionificant maintanance actions for the
aukiliary machinery cooling water pumps and motors are 17

wonthe and 13 nonths, reapmsctively, and a run-to-failure mainte=-
naney atrategy im recommendad by this ROE. There are no data

tu suppurt the supposition that the routine ovorhaul of the
punp and motor would be cost-effective and would increase the
short interval hetwern significant maintenance actions,

Current PMS procedures are adequate to maintain these equip-
mants in good materisl condition, No nignificant maintenance
iias heen repcrted, end thsre are no data to support the
routine overhaul of motor controllers.

No change.
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4.1

CHAPTER FQUR

CONCLUSIONS AND RECOMMANDATIONS

CONCLUSICNS

This Review of Exparience led to the following conclusions:

The Ship's Force muaintenance effort is hindered by inadequately
maintained engine lathes (Section 3.1.1,1).

A onmprehansive Centrifuyal Pump Overhaul Manual for Ship's Poroce
use iz not availlable (Sections 3.1.1.2 and 3.1i.1.4).

The currently installed drip-proof windings on tirepump electric
motors and auxiliary machinery cooling water pump elactric motors
are inadequate (Sections 3.1.1.3, 3.2.3.3,and 3,3.2.3).

Ball bearing removal and installation practicos vary greatly from
ship to ship depending on the esperience of the individual prrfoxm-
ing the maintenance (Section 3.1.1.4).

Ball bearing heaters &ca not normally availabie at tha orqanizutlonal
laevel (Section 3.1.1.4),

Most repalr to the eguipwents of the Firemain and Auxiliary Machinervy
Cooliny Water Systems can be accomplished by ghip's Force poersonnel
with ovcasional IMA ussistance. Only firepump turbine overhauls
regquire a depot-level activity (Section 3.1.2),

The DART Filrepunmp Improvement Program has resulted in & revision
of the military specification for future pruonrement of centrifugal
firepumps and the procurement and installation of eight staiuless
steel firepump casings in DDG-37 Clase shipa (Section 3.2.1 and
hppendix C).

Preliminary indications are that the installed stainless steel pumps
are demonatrating improved reliabllity over the cest gun-metal
firepumpas (Section 3.2.1). :

Firepump (pumps and motors) utilization and firepump location are
relevant to the maintenance burden agsociatad with the firepumps
(Sacttona 3‘2.2‘1 lnd 3.2!303).

‘the currently stocked f{irepump impeller wearing ring is unsuitable
for salt water cpplications (Section 3.2.2.3 and Appendix C).
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* The grease 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 (Saction
3.2.2.5).

* The pafuety factor afforded by the automatic start feature of fire-
putps 3 and 5 is not being fully realigzed because ¢f the lack of
a uniform firepump operating policy (Section 3.2.2.7).

- * The mean time bstween significant maintenance actions for firepumps
i is low (g.9,, it varies from 9 to 22 months) (Seation 3.2.2.7).

¢ A run-to-failure mai=ntenance strategy and a change in the periodicity
of the annual PMS open-and-inspect requirement for the firapumps is
suggested (Seotion 3.2.2.8).

* The failure of the awing check valve on the discharge side of the
firepumps 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 firapump turbines at BOH and
follow~on ROH should significantly reduce major corractive mainte-
nance during the operating cycle (Section 3.2.4.8).

+ The internal wearing parts of the auxiliary machinery cooling water :
pumps are replaced at a higher rate than the internal wearing parts i
of the firepumps (Section 3.3.1.2). -

* The mean time hetween 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 misaligrment of _—
the suction and discharge piping to the pump (Section 3.3.1.2). |

i *  AAdd NSN 9C 4320-00-541-8843, impeller wearing ring, to APL 01611076, - 5
; with an allowance for two on~hoard spares.

* A run-to-failure maintenance strategy and a change in the periodierity
of the annual PMS open-and-inspect requirament for the auxiliary
machinery cooling water pumps is suggeated (Section 3.3.1.5).

* The auxiliary machinery cooling water pump electric motors require
increaged motor winding insulation to reduce the nuuber of rawinds
(Section 3.3,2.3).

* With only minor changes, the PMS requirements for the Firemain and
Auxiliary Machinery Cooling Water Systems aré adequate.

R L, L1

BT R

4.2 RECOMMENDATIONS b

Corrective actiong and improvements reguired for the Firemain and
Auxiliary Machinery Cooling Water Systems are grouped as follows: I

* Beseline Overhaul (BOH) Raequirements B
* Intracycle Maintenance Requirements P 1
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!
P * Follow-On ROH Requirements
o * Reliability and Maintainability Improvements
Lot .
?‘? ' *  Plannes Maintenance System Changes
[, ¢ Inred:lelal Pacility Improvements
¥3é : * IMA Improvements
5 ¢+ Integrated Logistic Support (ILS) Improvemeuts

Table 4+]1 summarizes all recommendations resulting frow this Review
of Experience. A detailed listing of recommendad PMS changes is included
s in the DDEOC MRC Evaluation Table of Appondix B. Action items resulting
from these recommendations are listed in the DDEOC Action Table of
Appendix F. :

Ay g
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lable 4-1. SUMMARY OF ROE RECOMMENDATIONS

fquipment

Recommendation

Reason

Baseline Overhaul Regquirements

Engine Lathe

Pirepump Turbine

Inspect and repair as necessary.

Ensure that all attachments are
availabla.

Parform Class “B" overhaul of the
turbines in accordance with TRS
0521-086-601.,

Availability of a workable
lathe is fundamental to the
Ship'a Force repair effort.

This type of overhaul should
be accomplished only at the
depot level,

Intracycle Maintenance Requiremen

ts

All equipments of the
Firemain and Auxiliary
Machinery Cooling
Watar Bystama

Accomplish existing PMS requirements
as modified by recommandations of
this report.

Existing PM3 requirements,
modified as recommended by
this report, adequately
address required intracyuvle
maintenance,

Follow-On ROH Requirements

Engine Lathe

Firepump Turbines

Inspect and repair as necessary.

Perform Class "B" overhaul of the
turbines in accordance with TRS
0521-086«601.

Availability of a workable
lathe is fundamental to the
8hip's Force repair effort.

Estimated to be necemsary by
the end of a &0~-month oper=
ating cyels.

Reliability and Maintainability Improvements

Motor and Turbine
bDriven Firepumps

TYCOM should eatablish a uniform
firepump operating policy to:

* Opurate firepumps 2 and 4 whenever
steam im available.

* Oparate firepumps 1 and 6 in port
or when under way when Firepumps
2 and 4 are not available.

* Keep firepumpa 3 and 5 set up for
automatic mtart to the maximum
extent possible.

NAVBEC should determine the best
mathod for gun~metal pump casing
repair and promulgate uniform
repaly instructions .

Use a run-to-failure maintenance
strategy for the installed fire-
pumps of the DDG=37 Class.

Develop a ShipAlt to implement the
recomnanded relocation of the fire-
pump bearing housing vent drain.
Develop a ShipAlt to install

stainless steel casings on all
DDG-17 Class firepumps.

8hift the relative mainte-
nance burden from the high-
burdenad 3 and 5 to the
lower=burdened 1 and §,

reduce the number of rewinds
of 1 and 6, and increase the
effectivencos of the automatic
atart capability of 3 and 5.

At least two differant
methods of repair are cure
rently in use, no determina-
tion having been made of
which method is preferred,

The mean time bstwesn
significant maintenance
actions is short.

Improved grease flow through
the bearing.

Stainlens steel casings pro-
vide a solution to the casing
arosion problems, and fire-
pumpa ) and 3 have more
casing erosion problems than
other firapumps.
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Table 4-1. (continued)

gquipment

Recommendation

Reason

Reliability and Maintainability Improvements

{continued)

Renisii= ko L

ERECEs Dl . i e S

Firepump Electric
lotors

Firepump Turbine

Auxiliary Machinery
Cooling Water Pump

Auxiliary Machinery
Cooling Water Pump
Motor

Use a run-to~failure maintenance
strategy for the installed fire-
pump eleotric motors.

Develop a procodure to rewind the
slectric motors utiliging the sealed
insulation system on all four
slectric=motor=driven firepumps.

Use a run=to=failure maintenance
strategy for the installed fire-
pump turbines.

Have Ship's Force check the flange-
to=flange alignment of the pump
and suction and discharge piping
and adjust the pump foundation
bolts and the piping hangers to
correct any misaligument. The
check should be made eavh time

this pump is opaned for corrective
maintenancs,

Use a run=-tn=failure maintenance
strategy for the i{natalled auxiliary
machinery cooling water pumps.

Desvelop a ShipAlt to provide a
mechanical seal for the pump.

Construct a shield of light sheet
metal over the motor.

Develop a procedura to rewind the
elactric motors utiliming the wealed
insulation system on both motors.

Motor-rewind pravention does
not lend itoelf well to pre~
ventive maintenance bassd on
calendar time.

The sealed insulation system,
when implemented, promises to
he an excellent long-term
sclution to the high rate of
oleoctrio motor rewind for
motors subjeocted to high-
moisture environment,

The intracycle maintenance
should be minor, with major
corractive maintenance being
accomplinhied at BOH anti
follow-on ROMs.

Reduce the internal wearing
parts and motor besaring
usage rates.

The mean time between
significant maintenance
actions ia short.

Decreass the number of
motor rawinds.

Prevent grounding nut of
the motor due to accidental
watting.

The sealed insulation system,
when implementad, promi to
be an sxcellent long-term
solution to the high rate of
electric motor rewind for
motors subjected to high-
moisture environments.

s i st R i

Planned Maintenance System Changes

Motor and Turbine
brivan Firapumps

Motor Driven Firepumps

Change the periodicity of the annual
open and inspect PMS check to a
situation reguirement,

Totablish a PME requirement to oper-
ate firapumps 1 and 6 avery day for
about one hour,

The pump internals vill be
inspected when cpened for
corrective maintenance.

Moisture accumulation will
ba prevented and the number
of motor rewlnds reduced.
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Table 4=1. {continued)

Bquipmant

Recomtandation

Raasen

Planned Maintsnance System Changes (continued)

swing Check Valve

Auxiliary Machinexy
Cooling Water Pumps

Establish a monthly PMS requirement
to open and inspect firepump swing
chack valves on turbine driven
fireapumps.

Change the parindicity of the annual
open and inspect PMS check to a
situation requiremant.

Failure of the awing chaok
valve usually results in
serious damage to the motor
or turbine.

The pump internals will ba
inspectad when opened for
corrective maintenance.

Industrial Facility Improvements

None

IMA Improvements

None

Integrated Logistic Support (ILS) Requirements

Bngine Lathe

Centrifugal Pump

Motor and Turbine
Driven Firepump

Flrepump Swing Check
Valve

Auxiliary Machinery
Cooling Water Pump

Have individual ships take the neces-
sary steps to ensure that the as=
signed lathe operators are gualified
in the operation and maintenance of
the squipment.

Provide DDG=39 with a lathe capable
of accommodating the impellex diam-
eter of the largest installed
centrifugal pump,

Provide ship's Force with a suitable
Centrifugal Pump Repair Manual.

Provide suitable ball bearing heater
ovens,

Provide APL 016021445 to all ships
with stainless steel pumps and
ensure that shipboard allowances for
spare parts are adequate.

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 N8N to the monel impeller
wearing ring, and revise APL
016020494 accordingly.

Conduct a COSAL validation to ehsuras
that the installed firepump swing
check valves are supported by the
propar APL,

Add N8N 9C-4320-00-541-8643, impellsr
weaaring ring, to APL 016110076, with
an allowance for two on-bourd spares.

A workable lathe with a
qualified oparator is fund-
amental to the Ship's Force
repair affort.

A lathe with a minimum 10"
swing is required.

The ocrganisational level
maintenance effort will ba
improved,

Ball bearing ramoval and
reinstallation procedures
will be standardize.

Ship viaits indicated that
ships with stainlens steel
pumps did not have the
correct APLs.

Currently stocked impeller
wearing ring is not suitable
for salt water applications.

A monel impeller wearing

ring will be less subjeat to
corronion than the currently
stocked stainless steel one.

Present COSALa do not always
include the installed swing
check valves.

The impeller wearing ring is
not listed on tha APL for
the pump,
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SOURCES QF INFORMATION

The specific sources of information used as a basis for the System
Maintenance Analysis of the Firemain and Auxiliary Machinery Cooling
Water Systens are listed balow:

1.

3,

T TY PR T TR BT TR T TG TR 1 ALY 1L 1T R RAN TS DA TR LA TF KU R LA F R AY E LR L T 1, v 2 ki A I

Generation IV MD3 Part and Maintenance Data for DDG~37 Class for
the period 1 January 1970 through 31 October 1976.

CASREP narrative summaries for the period 1 July 1973 to 30 June
1978,

Technical Manual -~ Turbine and Motor-Drivan 3500 G.P.M. Fire
Pumps, Warren Pumps, Inc., NAVSHIPS 347-3242, (Tebruary 1959).
Ship Information Bonk, DLG-9 (DDG-40):

* 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 0905-47%-4030.
Propulsion Operating Guide for DDG-6, 7, 8, and 45,

Type Commander's COSAL, SURFLANT and SURFPAC, dated 28 April
1976 and 23 June 1976, respactively.

Allowance Parts Lists (APLs) for selected components of the
Firemain and Auxiliary Machinery Ccoling Water Systems.

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

Technical Repair Standards (TRS):

¢« TRE 0521-086-600, Pump, Fire (Turbine and Motor Driven)

¢ TR8 0521-086-601, Turbine, Fire Pump

¢ TRS 0521-086-604A, Motor, Coupled, Horizontal Mounted, Fire
(Turbine and Motor-Driven) Pump
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10.

lll

12.

13,

1l4.

15.

16-
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Trip Report (21-23 September 1977): ARINC Research Corporation
visit to:
¢ 'COMNAVSURFLANT
* USE8 PRATT (DDG=-44)
* USS MACDONOUGH (DDG-39)
¢ USS DEWEY (DDG-45)
s U088 PUGET SOUND (AD=-38)
BIMA, Charleston, South Carolina

Technical Manual - Electrical Machinery Repair, Volume I,
Electric Motor Repalrs, NAVSEA 0900-LP=060-2010.

PERA (CRUDES), PHILNAVSHIPYD, "Ship Alteration Information Manual,
DDG=37 Class", 1 November 1976,

nevelopment of EQuipment Behavior Measures for . lected Equipments
in the Propulsion Plant of DDG-2 Class Ships, ARINC Research
Publication 1623-01-~1~1347, December 1974.

OPNAVINST 4790.4, Material Maintenance Management (3M) Manual,
Volumes I and II, June 1973,

DDG=37 Class Maintenance Critical Equipment List, ARINC Research
Corporation, 30 April 1976.

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

BOUNDARIES OF FLREMAIN AND
AUXILIARY MACHINER' 'COOLING WATER SYSTEMS
FOR DDG~37 CLABS SHIPS

The Firemain and Auxiliary Machinery Cooling Water Systems discussed
in this report consist principally of the components listed in Table A-l.
The table also lists APL numbers and APL quantitias per ship. In developing
this table, at attempt was made to resolve inconsistencies among Type
Commander's COSAL and MDS reporting data, but all such inconsistencies
could not be re~olvad. This configuration is tho beat estimate from all

availak.e data sources,

Figure A~l is a graphic vepresentation of a typical DDG=37 Class
Piremain and Auxiliary Machinery Conoling Water System, including a line
diagram of the two systems, the selected components of each syatem, their
associated APLS, and the intarface betwsen the two systems.
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Table A-1l,

COMPONENTS CF FIREMAIN AND AUXILIARY MACHINERY COOLING WATER
S8YSTEM FOR DDG-37 CLASS

Quantities by Hull Number

Nomenclature APL/CID g g 2 g z g §|§ § g
Firemain System

Firapump, 500 GPM 016020494* | 6l6lei6lelelels|ele
|_Firepump, 500 GPM 016021445* 1 ;_#; 1 2 2

Plrepumpy, 500 GPM 016020528+ 1

Firepump Motor 174750864* [ 4] 4] 444 4]alda]dld

Controller (Fire Motor 6) | 151801406* 1]111]111 1111111 (1 ]

Controller (Firepump Motors 151801533+ "T

3 and 5)

Contyoller (Firepump Motor 1) | 157801534% [ 1{i[ili[T[T VI 1|17
Flrepump Turbine L P PR A AN
Firepump Turbine Regulator 882260195% | 2]J2J2]2J2[2]z2]z< 2

Flrepump Turbine Regulator 882260469* F]
FchESIa Coupling 82350005 Jeclele6|lele6]e|e[e6|6]6

5.0" IPS Gate Valve

882042020%*

4.0" 1IPS Swing Check Valve 882035712 '

70T 158 Sulns Chack Valve 1805055714 | Precise configuration data

4.0" TPS fwing Check Valve | 882032466 | | ‘navailable.

4.0" Ivs Swing Check Valve 862031321

Auxiliary Machinery Cooling water System
Auxiliary Machinery Cooling orexlvo7et | 2|22} 2|2|2|2|2]21]2
r P

Auxiliary Machinery Cooling 174750217 Ylej2l|2l2l2jala2]2

Water Pu — .
|.3.5" IPS Reducing Valv -1.882091721 -j2t2al2tzglajajala]a
[L3.5" IpS Relief Valve 992117196 Jj4]414a]4]4]4]4]41]4
MM IPS Sate Valve 882042017 recise confiquration data

3.5" IPS Gate valve 882042018 unavailable

*NAVSHIPS Technical Manual 347=3242.
**Installad in Auxiliary Machinery Cooling Water System alsoc.
tNAVSHIPS Technical Manual 347-3448.
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— Forward

No. 1 Purp Room

4.0" IPE Gate VAlVe me—i=
882042019

1.5" 198 Gate Valve
382042018
—
4,0" IPS Bwing Check Valve ___ f 4.0" IPY Gate Valve
Various APLa Motor 882042019
No, 1 Fire Pump 174780217
016020454 —_\ No. 1 Auxiliary /
Machinary Cooling
Controller Motorx Water Pump
181801534 174750564 018110076
Flex Coupling /
782350008
X.0" 1PS Gate Valve 5.0" IPS Gate Valve
. 882042020 e #Y
882042020 —
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No. 2 Emergency
Auxiliary Machinery b-;__
$,0" IPS Gate Valve Cooling Water Raducey;

8820420020 882091721 .
No. 4 Fire Pump _-_

016030494

No. 1 Emergancy
Auxiliary Marchinery Relief Valve
Cooling Water ‘382117196

Reducer
802091721_-\

Turbine Regulator
057980042 882260193

Flex Coupling
782350008

4.0" IPS Swing Check Valve

Various APLs ;!
' 4,0" 1F8 Gate Valve a
882042019 .

3,3" SPH Gate Valve
282042018

Auxiliary Machinery Cooling Water Main

\ 3.0" IPS Gate Valve

® Valve 882042017 3.8" IPS Gate Valve
. // 882042018
b valve <t 4.0" IPB Bwing Check Valve 4.0" IPS Gate Valve
: Varioua APLs Motor 882042019
1413007 [
No. 3 Fire Pump
016020494
/ No. 2 Auxiliary
) Motor Controller Machinery ceoling
e 174750564 151801533 Nater Pump
. 016110076
) \__ Flax Coupling
! 782350005
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Figure A-l. TYPICAL DDG=37 CLASS FIREMAIN AND AUXILIARY MACHINERY COOLING WATER SYSTEMS
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APPENDIX B

CASREP SUMMARY

CASREPs for the DDG-37 Class Firemain System covering the period irom
1 July 1973 to 30 June 1976 are shown in Table B-1. The CASREPs are listed
by component and categorized by cause. The table is based on 56 CASREPs
submitted by 10 ships that operated for a total of 20.9 ship opersting
years during this threa-year period. Therefore, the rate of CASREP sub~
mission againgt the Firemain System for this peiriod iw.

56 CASREPs

0.9 Bhip Oparating Years m 2,68 CASREPs Per Ship Operating Yaar

No CASREPIs were reported azainst the Auxiliary Machinery Cooling
Water System during the CASREP data period.
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Table B-1. CASREP ANALYSIS SUMMARY FOR THE DDG-37
CLASS FIREMAIN SYSTEM o )
Reamon for CASREF Number of | Perzent of Number of ' : 5“&
) CASREPs | Total CASREPs | Ships Reporting 3
Firxepump 8 ' '”t
Wear 12 i
Part Failure 5 3
Abnormal Environment 1 D8
'Subtotal 13 32,1 o
Fivepump Turbine 3 f
' Wear 2 k
Part Failure 3 o
Subtotal 5 8.9 ;1
Firepump Motor 8 k
Part Fallure 14
Abnormal Environment e
Miscellaneous 4
Subtotal 26 46.4
Firepump Turhine Pressure
Regulator 1 k
Wear 1 .
Subtotal 1 1.8 3
Flexible Coupling 2 ;
Part Failure 1 0
Abnormal Environment 1 %
subtotal 2 3.6
J
Valves 2 ¢
Part Failuve 2 é
Miscellaneous 1 :
Subtotal 3 5.4 T
Electric Motor Controllers
Part Failure 1
Subtotal 1 1.8
Total 56 100.0

L Jaxiatrrmasie: ou P eitarh o bt ot st e e i .




i e T R U PR

RSN
(R

o R

APPENDIX C

SUMMARY OF MIL-P-1739 (D) (SHIPS)
DATED 13 MARCH 1972

The military specificaticns 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, ware built to
conform to MIL~P-1739 for Class C-2 pumps (C~2 reprementing pumps with ar

impeller betwean bearings). The aignificant differences are shown in
Table C-1.

Table C-1. PALT MATERIAL DIFFERENCES

Application ¥ .;5‘«' Si
Category ;’ £

Fiht ATy AN ety

- ) i

d o ¥ g

Parts - i i: Y I i 3 3 b

ﬁ é‘ -~ ~ ki

NIF & ,g i“: o

uf & ; j

! 5# £ & E’ B
7 3 é‘ -
. i
{ . Material :,fq
Fl 1, Casing Gun Metal 8tainlmen aun Metel Ouh detal ]
e Bteal A
; ! 2. Impellar Monel gtainless Monel Moncl N
I Bteel 3
SN ¥
U 3. Caming Wearing | Bronse Manel ke ). Monal 3
g Rings 't
';' . 4, impaller Gun Metal N/A® Btainluss Manel B
3 Wearing Rings Stoel R
8. Shatt Rolied Monel Rolliad Monel Rolled Monal Relled Monel '-l('
6. Shaft Slueves Nickel-Coppsr | Nickel-Copper | Nickel-Coppsr | Niakel-Coppar ‘i‘

=Aluminumé ¢ ~Alvnknume* =Aluminume ¢ Aluminunie i
7. Bhatt Seal 1/3" Braided Mechanical 1/2" Braided 172" Braidea 7‘1
Packingt [T Packingt Puckingt A
“Impellers shall not be furnished with wearing rings, The impellor wearing hub i\g

shall have sufficient material thickness to function as would a searing ring, !

**§lesvas shall be made of nivkel-copper«aluminum alloy or highly alloyed g

stainlens gtesl. B

11/2" Teflon impregnated braided anbestos packing vommonly used. :




APPENDIX D

DATA ON SIGNIFICANT MAINTENANCEAACTTONS USED
TO CREATE WEIBULL HAZARD PLOTS

The time in months between significant maintenance actions on fire-
pumpo (pump ends), firepump drivers, and auxiliary machinery cooling water
pumps (pumps and drivers) was recorded for each ship. Each significant
maintenance action was conaidered to rastore the equipment to a like-new
condition, and time was reset to zero following such an action. 1If the
period of life did not end in a significunt maintenance action but stopped
at & conversion, ROH, or the end of the data period, the time was treated
as a censored obsexrvation. The following illustration shows the difference
Letwaen these twe types of datas

i e e B i v i e S

e il e

Significant Maintenance Actions

Conversion l Y months | Y months | Conversion
3 ;:; Time to | Censored | E:; zgﬂbzin 3
E;' Action Obgservation - 3

Both types of data were used in Nelson's hamard plotting method¥ to ]
determine the parameters of the Wuibull distribution which best £it the data.

N 1n the tables that follow, cenuored 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 Watar Syster pumps and motors,
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*"Hapard Plotting for Incomplete Fallure Data", W. Nelson, Journal of
Quality Technology, No. 1, pp 27-52, 1969,
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Table D-1.

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+ 1w, 1,1%,1%] 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
7,1 6,6,6% 4,4,4,4 8,5*,5% | 4,4,4,4 6,6
9,9 T,7%,7* 4,4,4,4 6,6,6% 4,4,4,4 T
10 8,8,8%,8% 4,4+ 8 5,5,5,5 8
11+ 9 5,5,5,5 9,9 5,5* 9,9*
12 10 LY 10,10 6,6,6" 10
13 11 6,6%,6" 11,11 AN A 11,11%,11%
14% 12#%,12% 7.7.7 12 8,8 12,12
15,15+ 13 B,8,8,8* 14 9,9,9,9 13%
16 14,14,14 9,9,9,9 15+ 9,9 14,14
17,17* 15 10,10,10,10| 17* 10,10 15
18,18* 16 11,11 18%,18% | 11 16
IR-1J 17,17# 12,12 19,19+ 13,13 17
21 law,18% 13,13 21+ 14,14,14 19
22 lo* 14,14 22 14,14» 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* 1w
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 Turbins 2 Motor 3 Turbine 4 | Motor 5| Motor 6
1 2 1w 3 3 2,2,2%,2%
2,2 4,4,4 3 4,4,4,4% | 4w, 40 2%
3,3%,3%,3%] 5,5% 4,4,4,4 6 5% 3,3,3
4,4,4,4 6w 6% 8* 6 4,4,4,4*
5,5% 7% 7% 15+ T 4%, 4%, 4
6,6,6%,6% | ow 8,8% 15,16,16* | 8 5,5,5
7:7,7,7 11+ 9,9% 17w 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 1g+ 23,23* 18,18* |10,10,10
9% 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* a0+ 28+ 31,31+ 27 17%,17%
khi 21+ 39 a3 28" 18
34 25,25 42 36w 29 21%, 21
35 27+ 43* 39 kb 25
37 0% 55% 43* 36w 27%,27*
k1-1) 35 58w 39 36
g kI 45 37
41 43* 46% 38
49* 48 56* 43*

*Danoten censored observation.
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Table D-3.

MONTHS BETWEEN SIGNIFICANT MAINTENANCE
ACTIONS FOR AUXILIARY MACHINERY COOLING

WATER SYSTEM

Unit 1 Unit 2
Pump Motor Pump Motor
1* 1+ 1* 1,1,1,1,1,1,1*
2,2,2* 2,2,2,2,2 3,3,3%,3% | 2,2,2,2,2%
3,3% 3,3,3,3% 4,8,4,4%,4% | 3,3¢, 3¢
4,4,4,4% | 3%,3n 5,5,5 4,4,4,4
5 4,4,4,4 6,6%, 6% 4,4,4
6* 5 7%, 7% 5,5,85
7 6,6 8 6,6
8,8,8% 7,7,7%,7% 9 7.7.7,7,7,i%
9,9* 8,8%,8" 10,10 g+, 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
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
39
41

*Denotes censored observation.
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The DDEOC MRC Evaluation form in this appendix specifies the Mainte-
nance Index Pages (MIPs) applicable to the Firemain and Auxiliary Machinery

Cooling

that should be modified or deleted, and indicates where new MRCs are needad:

T 14 oo

APPENDIX E

MRC EVALUATION

Water System and lists the Maintenance Requirements Cards (MRCs)

MRC Titls - Description of maintenance specified by MRC

MRC Numbsr - Identification number of MRC

Responsibility = Organizations responsible for change (if any)
Current Status (self-explanatory)

Man-Hours = Parsonnel time burden allotted to complete maintenance
action

Frequency = When the Mr( maintenance action is to be performed, e.g.,
D = daily, ¥ = wemkly, M ~ mcnthly, Q = quarteriy, S = semiannually,
A = annually, C = once aevery cycle, R = ag rejuired

Type - Perform maintenance (P), or survyy material condition of
componants (8)

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

Where performed (self-explanatory)

Data - Indicates whether data are recorded during performance of
maintenance action
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MANKOURS raal

RESPONNINILITY CURRINT §TATUS '
MAC TITLE N [

wavata | ooroc | SLOWATA | OLOMH |y - (PAEOOROGIHOSTEONOR puy pggq

!

BLECTRIC MOTOR -DRIVEN FIREFUMP
| SMIP E=28/252) o
1. Inspect internal parts., C3-CO1K X X 8.0|16.0| » 4
2. Operate #1 and #6 firepumps for ‘
approximately one hour. (TBD** X X - 2,0 - 3
TURBINE DRIVEN FIREPUMP
MIP E-37/51) 3
k

l. Inspect internal parts 55=G81Q=N X X 16,0 - A 3
2, Open and inspect the firepump 4
discharge swing check valve. TBD** X X - 40| = ;

-

AUXILIARY MACHINERY COOLING WATER —%
PUMP_(MIP A-157180) :
1. Inspest internal parts. 21=A13-CA X X 5.0 10.0| A 3
:

|

4

i

i

*P = Perform Maintenance; S = Survey Inspection
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SHIP CLASS: DDG=-37
SMA NO: 37-201-521

SYSTEM!piremain & Auxilisry Maghine

gouns - entaULNGY L WHO PERTORNS TEST L '
: ALMARKS
",.',',?“"m.mnn Post-00t00} v | Towoan | cotoc | map [ NWORTS VEE ‘
v .‘
6.0 A R P,8 X 1,8 Yus | Change peariodicity to a situation raquiremant
and accemplish when pump is cpensd for
significant corrective maintenance.
2.0 = D P X |1,8 No |Develop an MHC to require operation of #1
and #6 fivepumps for approximately one hour
dally to dry out the motor windings, 4
&
] - A R ?,8 X |I,8 Yes |Charnge periodicity to a situation reguiremant \
1y ard accamplish when pump is opened for o
E significant corrective maintenance.
a 4.0 = M P,8 X |I.8 No [Develop an MRC to require the monthly opening
s and inspection of the firepuap discharge ‘
swing check velve,
! 10,0} A R P,8 X |I,8 Yes |Change periodicity to a uituation requirement Y
ard acoamplish when the pump is opened for
2 significant vorrective maintenance. -
1
)
i
b
b
ot -
! S
i
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APPENDIX T

DDEQC ACTION TABLE

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




1 3 4 »
ACVION iTIM® REPORT
- il e ACTION ITEM BESCAIPTION ReELALNGE
ND. nTe
1. BABELINE OVERHAUL
REQUIREMENTS
Engins Lathe Inspect and repair au naecessary, insure 3,1.1.1
all attachments are available.
Firepump Turbine Class "B" overhaul the turbina IAW TR3 3.2.4.7
0521=-086~€01.
2. JINTRACYCLE MAINTENANCE
REQUIREMENTS
No additional action required,
3. FOLLOW=ON ROH REQUIREMENTS
Engine lathe Inspect and repair ax necesaary, iusure 3,1.1.2
all attachipents are available.
Firepump Turbine Class "B" overhaul the turbina IAW Tks 3,2.4.7
0521=086=-601,
4. RELIABILITY AND MAINTAIN-
ABILITY IMPROVEMENTS
Motoy and Turbine Driven Establish a uniform firepump operating 3.2.2.1
Firepumps policy to: and
* Operate firepumps 3 and 5 whenever 3.2.3.3
ateam is availabla.
* Operate firepumps 1 and 6 in port or
whan under way w“an firepumps 2 and 4 ,
are not available. ]
* Keep firepumps 3 and 5 set up tor L
automatic start to the maximum extent 4
poasible, ‘
NAVSEC should determine the best method 3,2,2,5 NA)
for gun metal pump caaing repair, %
* NOTE 1: DEVELOPING ACTIVITY FILL IN THE FOLLOWING BLOCKS: 1a,b; 3;4; 6 (IF KNOWN); 8a, IF REQUIRED FOR CONTINUATIO t
*» NOTE 22 DDEOC EVALUATION ~ APPROVED, FURTHER STUDY REQ'D, ETC. A

Pty

f.. TNOTE3: RESPONSIBILITY — ACTIVITY RESPONSIBLE FOR TAKING THEAGTION. . ... _ .. . ..
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SHIPCLASSt"__ng:Qjm_m"
SMANO: 37-201-521

;

EOC ACTION TABLE SYSTEM: Firemain and Auxiliary Machind

| SOHRDULING DATES
4 weront
mHAIACe AESYONSIONATY ! - T— . gty gty ACTUAL ACTION TAKEN

ALD. 1TARY come,

¢13.1.1.1 | waveEa 9sax

8l3.2,4.7 | NavsEA 934x

R o AR
" e B

T

S S AT e

43.1.2.1 NAVBEA 934X

3.2.4.7 NAVBEA 934X

Z i e e e 0 T

1.2.2.1 TYCOM ‘

i :
:
-' ‘:
& 4
E!- :
3.2.2.5 NAVSEC

1

i
|
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ACTION ITEM*

DDEOC ACTION TAR

REPOAT

\

real for the pump.

e - WA ioN s ACTION ITEM OLICRIPTION u&l“l:‘l:::e
N0, (1]
4. | RELIABILITY AND MAINTAIN=~
ABILITY IMPROVEMENTS
Zcontinuedz
Motor and Turbine Driven A run~-to-failure maintenance strategy is | 3.2.2.8
Filrepumps (continued) recommended.
Davslop 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 3
firepumps. b
Firepump Electric Motors A run-to-failure maintenance strategy is | 3.2.3.7 ﬂ
racommended. E
Develop a procedure to rewind firepump 3.1.1.3 n
electric motors utilizing the sealed & E
insulation eyatem. 3.2.3.3 ;
Firepump Turbines A run=-to-failure maintenance strategy is | 3.2.4.7 ﬁ
recommended. 3
Y
Auxiliary Machinery Construct a shield, of light sheet metal, | 3.3.2.3 |8hip
Cooling Water Pump Motor over the motor. assi
Auxiliary Machinery Check the flange to flange alignment 3.3.1.3 Shi;
Cooling Water Pump between the suction and discharge piping ass
and the pump, adjusting the pump motor DD
foundation bolts and pipe hangers as Teax
necegsary to correct any misalignment. 3
1
A run-to-failure maintenance strategy is 3.3.1.5 ﬁ
recommended. 3
E
Develop a procedure tn rewind auxiliary 3.3.2.3 @
machinery cooling water pump motors i
utilizing the sealed insulation asystem. !
Develop a ShipAlt to provide a mechanical j 3.3.2.3 i
j
4
b

*NOTE 1: DEVELUPING ACTIVITY FILL IN THE FOLLOWING 8LOCKS:

** NOTE2: DDEQC EVALUATION - APPROVED, FURTHER $TUDY REQ'D, ETC.

s.. Y NOTE3: . RESPONSIBILITY — ACTIVITY RESPONSIGLE FQR. TAKING. THE. ACTION,

1a,b; 3:4;5(IF KNOWN); B4, {F REQUIRED FOR CONTINUATION:
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SHIP CLASS: ppg-37
SMA NO: 37-201-521

| SYSTEM:Firemain and Auxiliary Machin- .J
AGT'ON TABLE ery Cooling Water Svstem
. v ky Cc q ‘ Y& tems

[X 1. : [}
] SOHEDULING OATES '

Caluront - ' RLUARKS, FUNGING CTION TAKEN
eernn ONBNILITY - - - A et AGTUAL ACTION TAK
reau, TARY come.

NAVSEA
NAVSEA

Ea.z.z.s NAVSEA

P?;_-a.z.s.v NAVSEA

13.1.1.3 NAVSEA

| &

f3.2.3.3

13.2.4.7 NAVSEA

41 3.3.2.3 |ship's Force
i assisted by IMA

4 3.3.1.3 | ship's Force
£ assisted by

DDREOC Site
Team
3.3.1.5 NAVSEA
g 3.3.2.3 NAVSEA
i ,
E 3.3.2.3 NAVSEA ?H
- %
ol :

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

-




ACTION ITEM ®

DDEOC ACTION TA

REPORT

3., tNOTES: RESPONSIBILITY — ACTIVITY RESPONS

IBLE FOR TAKING THE ACTION.

- . cvaDhaE e ACYION ITEM DLECRIPTION MEERNCE
o, T
5. | PLANNED MAINTENANCE
SYSTEM- CHANGES
Motor and Turbine Driven Change the periodicity of MRC C3-C9lK of | 3.2.2.8
Firapumps MIP E~28/252 and MRC 55-381Q-N of MIP
E-37/51 from annual (A) to situation
requirement (R).
Motor Driven PFirepump Egtablish a PMS requirement to operate 3.2,3.3
firepumps 1 and 6 on a daily basis for
about one ‘'.onr.
Swing Cheack Valve Establish a monthly PMS requirement to 3.2.4.5
opan and inspect firepump swing check
valves on turbine driven firepumps.
Auxiliary Machinery Change the periodicity of MRC 21-Al3-CA 3.3.1.5
Cooling Water Pumps of MIP A-19/150 from annual (A) to
sltuation requirement (R).
6. | INDUSTRIAL FACILITY None. ;
IMPROVEMENTS 3
7. IMA IMPROVEMENTS None. !
8. INTEGRATED LOGISTIC SUP=- ;
PORT (ILS) REQUIREMENTS f._
Engine Latha Insure that a qualified lathe operator is | 3.1.1.1 BUj
agsigned to each ship.
Provide DDG-39 with a lathe with a 10" 3.1.1.1 NA“I
minimum ewing. 1
All Centrifugal Pumps Provide Ship's Force with a suitable 3.1.1.2 Nli
Centrifugal Pump Repair Manual. §
1
Provide suitable ball bearing heater 3.1.1.4 NL!
ovens. ¢
?;
i
\ j
«NOTE 1: DEVELOPING ACTIVITY FILL IN THE FOLLOWING BLOCKS: 1a,b; 3;4; B (IF KNOWN); 8a, IF REQUIRED FOR CONTINUATIO! ,7
** NOTE 2: DDEOC EVALUATION — APPROVED, FURTHER STUDY REQ'D, ETC. i
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SHIP CLASS: ppe=37

SMA NO: 37-201-521 k
c AGT'ON TABLE SYSTEM: Piremain Qﬂd FAUXiliQEY_-M-E.Chin“
o b

ery Cooling Water Syste ﬁ )

[} . 1 8. A "

K atront SCHENULING DATES .
E M‘p:‘g::’u ALPPONRIBILITY * - ™ - I'H‘m&“!.l'ﬂ'#l'.‘g%“ ) ACTUAL ALTION YAKEN
] AR starT | com, 3
TYCOM

NAVSEA 934X

NAVSEA 934X ' g

TYCOM j
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:
13.1.1.1 | BUPERS i
$3.1.1.1 | NAVSEA 934X
| E
: -a
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'3,.1.1.4 NAVSEA 934X !
Z | i

CONTINUATION OF DEVELOPING ACTIVITY TASK; 7, AS NECESSARY.
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ACTION ITEM*

N, T

poloe
EVALUATION **

ACTION ITEM DESCRIPTION

REPONT
ALFERENCE
(PARA)

8. INTEGRATED IOGISTIC SUP=-

PORT S ILS z mUIREMENTB
(continued)

Motor and Turbine Driven
Firepumps

Pirepump Swing Check
Valve

Auxiliary Machinery
Cooling Water Pump

Provide APL 016021445 to all ships with
stainless steel pumps and insure adequate
shipboard allowances for spare parts.

Change the material regquirements 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 wear-
ing ring, and revise APL 016020494
accordingly.

Conduct a COSAL validation to insure that
the installed firepump swing chack valves
are supported by the proper APL.

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

3.2.1

3.2'2.3

3.2.2.3

3.2.4.5

3.3.1.3

* NOTE 1: DEVELOPING ACTIVITY FILL IN THE FOLLOWING BLOCKS:

‘ q‘ul

" ** NOTE 22 DDEOC EVALUAT‘ON APPROVED. FURTHER STUDY REO o, ETC

Ta,b; 3:4; bﬂFKNOWN)OLIFREQUMEDFORCONﬂNUAﬂOvQ
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s SHIP CLASS: DPG-37

: SMA NO: 37-201-521

SYSTEM: Firemain and Auxiliary Machin=}
C ACTION TABLE WNT
[ A

: SCHEDULING GATIS

ASPONBILITY - - AasAnKs, Fukaie ACTUAL ACTION TAKEK

nsoD. STARY cowe,

3 NAVSER 934X

3

1 3.2.2,3 NAVSEC

3.2,2.3 NAVSUP

0 3,2.4.5 Ship's Force

NAVSUP
!
~

JDR CONTINUATION OF DEVELOPING ACTIVITY TABK; 7, AS NECESSARY.
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