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FOREWORD

This report, the Review of Experience, documents the historical main-

tenance experience for the DDG-37 Class Compressed Air Systems, presents an
analysis of the problems encountered, and recommends actions to improve sys-
tem material condition. It has been developed for NAVSEA 934X, the sponsor

of the Destroyer Engineered Operating Cycle (DDEOC) Program, under Navy

Contract N00024-78-C-4062.

8-22:78 telecon w. LtCdr. D, Keller
(Proj Mgr) NavSea-Code 934

- X; this
is for "Public Releaserr, = - | oPort

iii

AGCESSION ‘o

LLLJ White Secties

soe Bt Section [
UNANNOUNC'D a
JUSTIFIGAT! N..

Sevesesitetanetensieassenerraserans

"

DISTRIBUT ON/AVAILABILITY CODES

Bist  AVAIL and,or SPEGIAL




S G G G e e M G b by e e e e ey e e B R

SUMMARY

“# The goal offthe Destroyer Engineered Operating Cycle KDDEOCyfbfbgram
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. 1In support of this goal, E?stem
Maintenance Ahalyses (SMAs) ’are being conducted for selected systems and
subsystems of designated surface combatants. The principal element of an
SMA is the Review of Ekperience (ROE)~ - This report documents the ROE for
the DDG-37 Class Compressed Air Systems.

The ROE iéﬁan analysis of existing and anticipated problems that affect
the operational performance or maintenance program of a ship system. - The
ROE report serves as a vehicle for assessing the significance and conse-
quences of identified maintenance problems. It also presents specific re-
commendations and a system maintenance policy for preventing or reducing
the impact of problem occurrence while improving material condition and
maintaining or increasing system availability throughout an extended ship
operating cycle.

The Compressed Air Systems ROE included an analysis of all available
maintenance data sources. The documented maintenance experience of the
system was reviewed through analysis of Maintenance Data System (MDS) data,
Casualty Reports (CASREPs), and system overhaul records. Initial findings
from these sources were correlated with Planned Maintenance System (PMS)
requirements, system alterations, and system technical manuals to identify
maintenance problems. Ship surveys were conducted and discussions were
held with appropriate technical codes to validate identified problem areas,
identify undocumented maintenance problems, and determine the status of
current and planned actions affecting the Systems.

All findings were evaluated, and appropriate conclusions were developed.
Y i ¥ i & %
/> Major conclusions resulting from the_Review of Experlenceﬁior the C6hpressed

Mr gystems are summarized as follows: — P RYE
@ 1ne Lude: -
* -Major repairs of the COmpressed a{r Systems will be required during

Baseline E@erhaul' —
;......,.‘-c/
< Tralnlng in the operation, maintenance, and repair of the systems

is 1nadequate,.however, the DART Air Compressor Improvement Program
is moving towards correcting this def1c1ench (ComF on P

ISR S S5 VoGt oS




* Class B Overhaul of system components will be required at each
ROH, with Material Condition Assessment (MCA) performed between
overhauls to identify necessary Class C repairs, until an ade-
guate shipboard maintenance capability is developed.

* The systems are adequately supported by the Navy Supply System.

[ _+¥ Most system problems or parts replacements are nonrecurring main-
tenance items, consumable items (packing, gaskets, etc.), or
routine upkeep; a7 7 -

* Most compressor problems can be traced to excessive or inadequate
cylinder lubrication, water leaks, or the need for additional or
revised PMS actions (e.g., renew zinc anodes, inspect piston rings,
inspect air suction and discharge valves, etc.). .

* In many cases, there is no positive means for scheduling PMS ac-
tions that are based on compressor operating hours alone, since
operating logs are not maintained nor are elapsed-time meters
installed on all air compressors.

* Even though the Worthington oil-free low pressure air compressor
has experienced about twice the per-operating-year maintenance
burden of the air compressor it replaces, most of the problems
reported to date do not appear to be Class-wide.

* After the air compressors, the dehydrators represent the weak link
in the Compressed Air Systems, particularly those which supply the
Electronics Dry Air System.

* The "mini-lube" modification kit can significantly improve the
service of older Worthington high pressure air compressors.

* The decision to replace the present oil-lubricated high pressure
air compressors with an oil-free type should be reconsidered in
light of this analysis.

Reliable operation of the Compressed Air Systems can be expected during
the extended operating cycle if all major components are overhauled, the
recommended ShipAlts are accomplished, PMS is modified as recommended, the
recommended spares are supplied, and additional training is provided in the
areas of system operations, maintenance, and repair. Specific recommenda-
tions resulting from this analysis are listed in Table S-1.
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Table S-1. (continued)

Component

Recommendation

Planned Maintenance System (PMS) Changes

High Pressure Air Compressor

Cooling Water Shut-Off Valve

Air Line Filter

Air System

Develop a PMS action to clean and inspect the lst, 2nd, 3rd, and 4th stage air
compressour piston rings every 1000 hours of compressor operation or after 45
calendar months, whichever occurs earlier (APLs 061900183 and 061900266 only).

Develop a PMS action to inspect the 4th stage seal assembly after every 1000
hours of compressor operation or after 45 calendar months, whichever occurs
earlier (APL 061900338 only).

Change the periodicity of MRC R-6 (B4-E45K-N, Clean and Inspect Cylinder Lubri-
cation Check Valves) to every 1000 hours of compressor operation or every 45
calendar months, whichever occurs earlier.

Change the periodicity of MRC R-2 (27-L48D-N, Clean and Inspect 3rd and 4th Stage
Valve Assemblies) to every 1000 hours of compressor operation or 45 calendar
months, whichever occurs earlier (APLs 061900183 and 061900266 only).

Develop a PMS action to inspect and renew, as necessary, the air compressor zinc
anodes every 500 hours of compressor operation or 30 calendar months, whichever
occurs earlier.

Change the periodicity of MRC R-11 (84-E45N-Y, Inspect Cooling Water Shut-Off
Valve) to every 500 hours of compressor operation or 30 calendar months, which-
ever occurs earlier.

Change periodicity of MRC R-12 (36-J76D-Y, Renew Element in High Pressure Air
Line Filter) annually or after 200 hours of operation, whichever occurs earlier.

Develop a PMS action to inspect air system for corrosion or damage every 6 months.

Industrial Facility Improvements

None

IMA Improvements

None

Integrated Logistic Support (ILS) Improvements

Low and High Pressure Air Compressors

Low Pressure Air Compressor

Low Pressure Air Dehydrators (Type III)

High Pressure Air Compressor

High Pressure Air Dehydrators

High Pressure Air Separator Flasks

Cooling Water Shut-Off Valve

Air System

Provide increased operator training at the shipboard level.
Establish air compressor maintenance courses at the Fleet Training Center level.

Place additional emphasis on compressed air system operation at MM and BT "A"
School.

Ensure that information on the proper replacement air intake filter element is
known at the ship level.

Revise the technical manual for the Worthington Oil-Free Air Compressors
(NAVSHIPS 0949-055-9010) to include more information on system details and
equipment troubleshooting.

Either update the NAVSHIPS Technical News article "Modifying and Operating
Dehydrators" and republish it in the NAVSEA Journal or condense it and release
it to the Fleet as a Naval message.

Revise APL*061900338 to provide additional parts support and increased support
depth (i.e., 4th stage sleeves and sleeve followers and zinc anodes).

Modify the EOSS procedures for the high pressure air compressor to add a step
to check the cylinder lubricant's flow rate (HPAC/013).

Advise compressor operating personnel of the recommended cylinder oiling rates.
Revise APL 882240420 to increase the on-board allowance of O-rings.
Revise APLs 061900183 and 061900266 to add an allowance of zinc anodes.

Provide ships of the Class having Kahn and Company high pressure air
dehydrators (APL 440130022) with technical manuals for these units.

Increase the availability of replacement high pressure air separator flasks
that meet MIL-F-22606.

Monitor the operation of the most recent ‘design of this valve (D53X) to
determine if the latest changes have improved the valve's performance.

Monitor the tests at NSRDC to determine if the "modified" c:ooling water
shut-off valve is an improvement over the existing valves. If the valve
is a significant improvement, modify all valves via AER as they fail.

Develop Material Condition Assessment (MCA) procedures for the Compressed
Air Systems.

viii
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Table S-1 SUMMARY OF ROE RECOMMENDATIONS

Component

l Recommendation

Baseline Overhaul Requirements

Repairs and Overhauls
Low Pressure Air Compressors

Low Pressure Air Dehydrators (Type III)

Low Pressure Air Dehydrators (Type I)

Low Pressure Air Flasks

High Pressure Air Compressors

High Pressure Air Dehydrators (Type II)

High Pressure Air Flasks

High Pressure Air Separator Flasks
Air System Piping (L.P. and H.P.)

Alterations

Low Pressure Air Compressor

Low Pressure Air Dehydrators (Type III)

High Pressure Air Compressors

Air Line Filters

Perform Class B Overhaul of 4 Worthington oil-free compressors.

Perform Class B overhaul of 2 Howell Laboratories dehydrators; overhaul tc include
replacement of ball check valves, if dehydrators are not replaced by ShipAlts.

Inspect installation of ShipAlt DLG-6-1055K (Replace Low Pressure Air Compressors/
Install Dryers) to determine if false temperature indication and alarm probl~m
exists; make necessary corrections.

Remove, clean, test, preserve, and reinstall low pressure accumulator air flasks.

Perform Class B Overhaul of 2 Worthington air compressors; overhaul to include
installation of "mini-lube" modification kit, as applicable.

Install an automatic operating back-pressure valve in the air piping system between
the air compressor and the moisture separator if not already installed (APL
061900338 only) .

Provide recommended on-board spares during SOAP, if not previously provided.
Perform Class B Overhaul of 2 installed air dehydrators.

Remove, clean, inspect, and reinstall high pressure air flasks. (Depending on the
dates of the last inspection, this could include up to 5 flasks.)

Remove, clean, inspect 2 air separator flasks; replace those which are obsolete.

Inspect air system piping for oil contamination and for external corrosion or
damage; make necessary repairs and test.

Accomplish ShipAlt DLG-6-1055K (Replace Low Pressure Air Compressor/Install Dryers)
if not already completed.

Accomplish ShipAlt DLG-6-1170D (Air Dehydrator Modification Kit) if dehydrators are
not replaced.

Accomplish ShipAlt DLG-6-1098K (Electronic Dry Air Modification) or DDG-37-1177K
(Replace Electronic Air Dryers with Type II) as applicable.

Accomplish ShipAlt DLG-6-0184K (Install Elapsed Time Meter and Events Indicator on
H.P.A.C.) if not already completed.

Accomplish lubricator low-oil-level shutdown device ShipAlt when it is developed.

Accomplish air-line filter replacement ShipAlt when it is developed.

Intracycle Maintenance Requirements

All Equipments of the Colnpresseé Air
Systems

Accomplish existing PMS requirements as modified by recommendations of this report.
Accomplish MCA procedures to identify necessary Class C repairs.

Follow-On ROH Requirements

Low Pressure Air Compressors

low Pressure Air Dehydrators (Type I)

Low Pressure Air Dehydrators

High Pressure Air Compressors

High Pressure Air Dehydrators (Type II)

Perform Class B Overhaul of 4 Worthington oil-free air compressors.
Perform Class C repairs to 4 Type I air dehydrators.

Perform Class C repairs to 2 Type II or 2 Type III air dehydrators.
Perform Class B Overhaul of 2 high pressure air compressors.

Perform Class C repairs of 2 Type 1I air dehydrators.

Air System Flask and Separators Remove, clean, test, preserve, and reinstall air system flasks and separators.
Air System Piping Inspect air system piping for oil contaminaticn and for external corrosion or
damage, including leaking valves; make necessary repairs and test.
Reliability and Maintainability Improvements
Low and High Pressure Air Compressors Develop standard operating logs and provide to ships.
Install elapsed-time meters and events indicators.
low Pressure Air Dehydrators (Type TII) Accomplish ShipAlt DLG-6-~1170D (Air Dehydrator Modification Kit).
(if not replaced by ShipAlt)

High Pressure Air Compressors

Air Line Filter

Replace the Polyethylene Ball Check Valves (via AER).

Accomplish ShipAlt DLG-6-1098K (Electronic Dry Air Modification) or DDG-37~

1177k (Replace Electronic Air Dryer with Type II) as applicable.

Inspect installation of ShipAlt DLG-6-1055K (Replace Low Pressure Air Compressors/
Install Dryers) to determine if false temperature indication and alarm exists.
Install "mini-lube" modification kit. Install automatic operating back-pressure
valve.

Develop ShipAlt to install an automatic compressor shutdown device controlled by
the oil level in the cylinder lubricator oil reservoir.

Develop ShipAlt to replace current air-line filter with unit that requires less
effort to change filter elements.

(continued)
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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 com-
batants. The principal element of an SMA is the Review of Experience (ROE).
This report documents the ROE for the DDG-37 Class Compressed Air Systems,
which were specifically selected for analysis because equipments of these
systems are on the DDG-37 Class Maintenance Critical Equipment List.

1.2 PURPOSE AND SCOPE

The ROE is an analysis of existing and anticipated problems that af-
fect the operational performance or maintenance programs of a ship system.
The ROE report serves as a vehicle for assessing the significance and con-
sequences of identified problems. It also presents specific recommendations
and a system maintenance policy directed toward preventing or reducing the
impact of problem occurrence while improving material condition and main-
taining or increasing system availability throughout an extended ship
operating cycle.

The analysis documented herein is specifically applicable to the Com-
pressed Air Systems of the DDG-37 Class ships. Only those system compo-
nents that had been installed or were on board ship as of the fourth quarter
of Fiscal Year 1977 were considered. The analysis used all available docu-
mented data sources from which system maintenance problems could be identi-
fied and studied. These included Maintenance Data System (MDS) data, Casu-
alty Reports (CASREPs), and system overhaul records, in addition to Planned
Maintenance System (PMS) requirements 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 techni-
cal personnel.

1.3 SYSTEM FUNCTION AND BOUNDARIES
The DDG-37 Class Compressed Air Systems, as described in this report,

encompass the Ship Service (Low Pressure) Air System and the High Pressure
Air System.

P




The Ship Service (Low Pressure) Air System is a "single main" system
that provides air for service connections with hose outlets (including
special service connections in machinery spaces and workshops), and for
operation of the following: (1) laundry presses, tank level-indicating
system, (3) missile-handling equipment, (4) combustion control air system,
(5) torpedo hoisting gear, and (6) remote shutdown of emergency diesel
generators. For purposes of tnis study, the Ship Service (Low Pressure)
Air System includes all system equipments and components starting with the
low pressure air compressors and extending through the dehydrators for the
Dry Air System and the air-reducing stations for the Control Air System.

The Ship Service (Low Pressure) Air System itself is supplied by
either five Worthington Class CC (50 cfm at 100 psi) or four Worthington
Class S (100 cfm at 125 psi) motor-driven low pressure air compressors.

The High Pressure Air System is also a "single main" system that pro-
vides air for the following purposes: (1) charging and servicing Mk 32
torpedo tubes, (2) supplementary supply for Ship Service Air System, (3)
missile air service -- both for dud jettison and missile checkout, (4)

5"/54 caliber gun counter-recoil and gas ejection, and (5) ASROC Weapon
services. For purposes of this study, the High Pressure Air System in-
cludes all system equipments and components starting with the high pressure
air compressor and extending through the air-reducing stations and manifolds
and the air flasks that supply air for the five purposes described above.

The High Pressure Air System itself is supplied by two Worthington
Class B/BB (4.5 cfh at 4500 psi) motor~driven high pressure air compressors.

Major components of the Ship Service (Low Pressure) and the High Pres-
sure Air Systems that were included in the analysis documented by this re-
port are listed in Appendix A.

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 are included as appendixes to this report. A selected list
of information sources precedes the appendixes. ;

A
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CHAPTER TWO

APPROACH

Primary data sources used in performing the ROE for the DDG-37 Class
Compressed Air Systems are identified in Section 1.2. The data were used
to identify, define, and analyze maintenance problems that significantly
affect the Compressed Air Systems maintenance program. A recommended
system maintenance program for the extended operating cycle was formulated
on the basis of the analysis results.

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

* Compiling relevant documented and undocumented maintenance history
data.

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

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

2.1 DATA COMPILATION

The analysis began with the compilation of a comprehensive data kase
of the maintenance history of the systems. The data file consisted of
three key elements: an MDS data bank, a CASREP narrative summary, and a
system overhaul experience summary. A library of ShipAlt information,
technical manuals, bulletins, and related documents was also assembled.

The MDS data bank was compiled by examining all MDS data reported for the
DDG-37 Class from 1 January 1970 through 30 September 1977. CASREP in-
formation for the period 1 July 1973 through 30 September 1977 was reviewed.
Overhaul information was obtained from DDG-37 Class Departure Reports,
Repair Profiles, and authorized Ship Alteration and Repair Packages (SARPs).

2.2 MAINTENANCE PROBLEM DEFINITION

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




from the above-described sources as well as from ship surveys, discussions

with Navy technical personnel, and, when appropriate, NAVSEA special-interest
programs.

MDS data constituted 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 re-
ported against system components. Maintenance actions are represented by
Job Control Numbers (JCN). The purpose of the first step in the screening
process was to identify the maintenance actions that had been reported
against components of the systems under investigation. ]

Computer-assisted analysis quantified the man-hour and part-expenditure
burdens incurred for each component, 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 signifi-
cantly to the systems' maintenance burden were selected for the analysis
described below. Components were also selected for analysis if they had
generated a significant number of CASREPs or if other sources of informa-
tion (e.g., ship surveys or overhaul experience) disclosed significant con-
cern regarding maintenance problems or the maintenance programs for the
components.

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

2.3 ANALYSIS OF COMPONENT PROBLEMS AND DEFINITION OF SOLUTIONS

Once the component problems and their causes were identified, solutions
were sought by examining each problem in relation to the extent to which it
was recognized and its susceptibility to established types of corrective
action. These analysis criteria are expressed in 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?

* 1Is the problem PMS-related? Can it be reduced or eliminated by
changes to PMS? (These changes might include adding or deleting
requirements, changing periodicity, or developing material condi-
tion assessment tests and procedures).

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




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

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

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

An affirmative answer to any question resulted in analysis of the effects
of the solution and in an estimate, when possible, of the cost to implement
the solution. A negative answer prompted the analyst to go to the next
question. After all the questions concerning an individual problem were
asked, the alternative near-term and long-term solutions were evaluated
and the most acceptable alternatives defined and documented as recommenda-
tions. "Near term" recommended solutions, as used in this report, are
those which are likely to be and should be accomplished prior to or during
the initial DDG-37 Class Baseline Overhauls. "Long term" recommended
solutions are those which are not likely to be accomplished until some of
or all of the DDG-37 Class Baseline Overhauls have been completed or per-
tain to intra-cycle maintenance.

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




CHAPTER THREE

ANALYSIS RESULTS

LR rm—— o - -

3.1 OVERVIEW

This chapter presents the results of the Review of Experience of the
Compressed Air Systems.

The Navy has determined that both the Ship Service (Low Pressure) and
the High Pressure Air Systems have been imposing an unacceptable mainte-
nance burden on Ship's Force. To help reduce this burden, the DART Air
Compressor Improvement Program was established at NAVSEA in March 1971.
It has evolved to the point where it is basically a replacement program
in which oil-lubricated air compressors, both low pressure and high pres-
sure, are replaced with new standardized oil-free air compressors. In
addition to replacing air compressors, the DART Program is concerned with
improving the associated logistics support of air compressors, including
the development of air compressor operation and maintenance training
courses.

The maintenance burden associated with compressed air systems has
historically been related to cylinder lubrication, cooling systems, and
condensate drain systems. Oil carry-over of cylinder-lubrication oil into
the compressed air piping system has been the most prominent specific prob-
lem. To help eliminate the oil carry-over problems experienced with the
Ship Service Air System, the Navy, since 1974, has been replacing the in-
stalled oil-lubricated low pressure air compressors with "oil-free" or
nonlubricated low pressure air compressors. Under the current compressor
replacement schedule, "oil-free" low pressure air compressors will have

! been installed in all ten ships of the DDG-37 Class by early 1979.

- To correct this oil carry-over situation in the High Préssure Air Sys-
] tem and at the same time to increase compressor reliability and decrease
maintenance and downtime, many of the high pressure air compressors have
been modified to a point where the manufacturer has classified them as
"mini-lube" compressors. In addition to the changes modifying the installed
high pressure air compressors, ShipAlt DDG-37-1206K, "Replace High Pressure
Air Compressors", is being developed. This ShipAlt will replace the present
oil-lubricated high pressure air compressors with an "oil-free" type; it is
planned for installation in DDG-37 Class ships beginning with those entering
overhaul during the fourth quarter of fiscal year 1979.

“
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Data screening as described in Chapter Two resulted in the selection

of seven components of the Compressed Air System -- three associated with
the low pressure air system and four associated with the high pressure air
system -- as the major maintenance-burden contributors. Table 3-1 summa-

rizes the data for these components. One hundred thirty-one parts within
the seven components were identified by the screening process as items
requiring analysis. Usage data for these parts are presented in Appendix B.

CASREP analysis supported the MDS data screening performed in defining
repetitive problems and significant maintenance actions. Appendix C summa-
rizes the CASREPs submitted against components of the Compressed Air Sys-
tems by showing the percentage of the total number of CASREPs attributable
to each system component and indicating the types of failures experienced.
ShipAlts applicable to the Compressed Air Systems are summarized in Appen-
dix D. The discussion of each system problem category and recommended
solutions begins in Section 3.2.

Analysis of MDS narrative data and CASREP reports (see Appendix C)
and discussions with NAVSEC and Fleet personnel indicate that except for
a small number of items to be addressed in later sections, the Compressed
Air Systems are generally reliable and adequately supported by the Navy
Supply System. Most system problems or parts replacements involve nonre-
curring maintenance items, consumable items (packing, gaskets, etc.), or
routine upkeep.

3.2 GENERAL SYSTEM PROBLEMS

Analysis of the Compressed Air Systems identified three general prob-
lems that affect the overall performance of the systems and contribute to
several specific problems (to be discussed in Sections 3.3 and 3.4). These
general problems are lack of air compressor operating logs, lack of a posi-
tive means for determining compressor operating time, and inadequate crew
training. These same general problems were also identified on FF-1052 Class
ships. A brief discussion of each problem follows.

3.2.1 Lack of Air Compressor Operating Logs

Operating logs on compressor operation are not normally maintained.
Without an operating log -- which records such items as compressor tempera-
ture, pressure, and oiling rates -- maintenance personnel are unable to
detect operating trends or impending equipment problems. SMMSO states*
that the use of log sheets containing definitive operating criteria can
assist in the early detection of correctable air compressor problems and
can give operating personnel a better understanding of the principles of
compressor operation. Such logs should be developed and provided to all
DDG-37 Class ships. A sample log of the recommended type is contained in
the referenced SMMSO Benefit Recommendation.

*In Maintenance Benefit Recommendation No. 12-75, "High Pressure Air
Compressor Overhaul Interval Extension".
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3.2.2 Determining Compressor Operating Hours

Elapsed-time or hour meters are not installed on all high pressure air
compressors, even though PMS requirements must be addressed after a pre-
scribed number of operating hours. Consequently, the PMS actions are
scheduled when it is estimated that the appropriate operating time has
elapsed; scheduling inconsistencies, of course, result. To overcome this
problem, all ships of the class should be checked to ensure that time meters
are installed. ShipAlt DLG-6-0184K provides for such installation. However,
NAVSEA incorrectly lists this alteration as accomplished on all ships of the
Class since the meters were not installed on one of the ships visited during
‘this analysis. Ship's Force could install the devices in about one hour
each. Time meters should be used in conjunction with calendar time because
they will permit the collection of more detailed maintenance history infor-
mation and will provide a means of scheduling PMS actions that take into
account individual operating time differences between compressors on each
ship.

3.2.3 Crew Training

There is currently very little formal crew training in the operation,
maintenance, and repair of the air compressors. Training now consists of
the presentation of basic introductory material at MM and BT "A" Schools,
MM and BT maintenance courses at Fleet Training Centers, on-the-job in-
struction from personnel more experienced with the compressors or from
technical support personnel who are aboard to assist in casualty correction,
and study of the technical manual when a problem occurs. Such training
methods do not normally provide the depth of instruction required to develop
an adequate shipboard maintenance capability. It is recommended that a
compressor maintenance course be established at the Fleet Training Center
level and that increased emphasis be placed on system operation and mainte-
nance at MM and BT "A" Schools.

3.2.4 Recommendations

The following near-term actions should be taken:

* Develop, and provide to DDG-37 Class ships, air compressor oper-
ating logs that contain definitive operating criteria.

* Ensure that elapsed-time meters are installed on the air compressors.

* Place additional emphasis at MM and BT "A" School on compressed air

system operation and maintenance.

For the long term, air compressor maintenance courses should be estab-
lished at the Fleet Training Center level.

3.3 SHIP SERVICE (LOW PRESSURE) AIR SYSTEM
The Ship Service (Low Pressure) Air System was initially supplied by

five oil-lubricated Class CC (50 cfm at 100 psi) Worthington motor-driven
air compressors (APL 061900179). Beginning in 1974, these air compressors
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have been replaced, as ships enter overhaul, with four Class S (100 cfm at
125 psi) "oil-free" Worthington motor-driven air compressors (APL 061900359).
To date, the new "oil-free" low pressure air compressors have been installed
on all but three DDG-37 Class ships (DDG-39, -43, and -44). These three
remaining ships are scheduled to receive the "oil-free" air compressors by
February 1979. Since most of the oil-lubricated low pressure air compres-
sors have already been removed and the remainder are scheduled for removal
in the next 12 months, this report will not address the older compressor

(APL 061900179).

Even though the average maintenance man~hours per component operating
year (see Table 3-1) for the relatively new Worthington compressor is about
twice that of the air compressor it replaces, most of the problems reported
to date via MDS are unique problems that do not appear to occur Class-wide.
For this reason, and because the longest any oil-free air compressor has
been installed in a DDG-37 Class ship is less than three years (the major-
ity having been aboard less than two years), the discussion of oil-free
air compressor problems should be considered as presenting potential prob-
lem areas only.

The "oil-free" low pressure air compressor is a positive-displacement
three-cylinder, W-Type, two-stage, single-acting reciprocating compressor.
Pressurized oil-free air is produced by the compressor in nonlubricated
compression chambers. These chambers are separated from the compressor
crankcase by distance pieces (spacer cylinders). The distance pieces also
house seal assemblies that prevent the oil used in the compressor crank-
case from entering the compression chambers. Figure A-3 (Appendix A) pre-
sents a section view of the Worthington Class S air compressor.

Also included within the boundaries of the Ship Service (Low Pressure)
Air System, for the purposes of this study, are the two Howell Laboratories
Type III (refrigeration-desiccant) dehydrators, one acting as a standby or
backup unit. These units are used to remove dirt and moisture from low
pressure air before it is used in shipboard electronic equipment.

To date, the most significant problem area associated with the oil-
free air compressors is the rapid wear of the compressor piston rings.

3.3.1 Excessive Piston Ring Wear

3.3.1.1 Background

The Worthington oil-free air compressor (APL 061900359) uses three
aluminum hollow-type pistons with bronze-filled teflon rider rings in-
stalled on the lower groove of the two first-stage pistons and the single
second-stage piston. The low pressure, or first-stage, piston assemblies
use two compression rings; the high pressure, or second-stage, piston uses
three compression rings. The rings are nonmetallic self-lubricating types
that expand against the cylinder liner as they wear. All of the piston
rings are made of bronze-filled teflon.

The piston assemblies are illustrated in Figure A-3 of Appendix A.

11
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3.3.1.2 Discussion

Analysis of MDS parts replacement data and narratives, review of
CASREP data, and discussions with Naval Ship Research and Development Center
(NSRDC) personnel and Fleet personnel indicate that the most significant
equipment problem with the oil-free low pressure air compressor reported to
date is excessive piston ring wear (piston wearout after less than 5-6000
hours of compressor operation). The main contributors to excessive piston
ring wear are entry of water into the compression cylinders and entry of
dirt from the air suction inlet into the compression cylinders.

Water in the Compression Cylinders

Water can enter a compression cylinder through a leak in the compres-
sor cooling system or through backup in the condensate drain system that
carries over into the cylinders. In either case, it takes much more than
a few drops of water to damage the teflon piston rings to a point where
they will affect the operation of the air compressor. Water in the com-
pression cylinders has the effect of washing from the cylinder walls the
lubrication deposited by the teflon piston rings. This lubrication must
then be replaced by the rings, contributing to the problem of rapid piston-
ring wear. Water from a leaking compressor cooling system can be either
distilled water from the compressor's self-contained cylinder cooling sys-
tem or salt water from the ship's auxiliary machinery cooling water system
entering the air system via the interstage cooler.

An indication that there may be a water leak in the self-contained
cooling water system can be obtained from the operational check of the
distilled water expansion tank before the compressor is started. If the
tank is dry or if the water level is significantly lower than normal, there
is probably a leak in the system that should be located before the compres-
sor is operated. Another means of detecting a leak in the self-contained
system or a leak from the auxiliary machinery cooling water system is to
crack open the inter- and after-cooler separators' manual drain valves when
first starting the air compressor to drain residual water from the system
and to determine, by the amount of water drained, whether or not there is a
cooling water system leak.

The problem of water backing up in the condensate drain system and
entering the compression cylinders, according to MDS narratives and dis-
cussions with Fleet personnel, has been the result of a dual failure of
the drain system's solenoid valve and the drain system's liguid-level
safety-shutdown probe. Such dual failure is most likely an unusual case
which will be confirmed when more Fleet operating experience has been
gained. 1In the meantime, condensate drain system failure or operational
problems can be identified by cracking open both separator manual drain
valves after 11 minutes of air compressor loaded operation (the end of the
first automatic condensate drain system cycle); if only one or two ounces
of water flows out, there is no condensate backup problem.

12
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No material or design change action is recommended to help correct
these possible Class problem areas, because the current safety device and
operational procedures are considered adequate. Instead, emphasis should
be placed on the importance of the operator's following the approved air
compressor Engineering Operational Sequencing System (EOSS) Procedures as
a means of controlling these problems.

Entry of Dirt From Air Suction Inlet Into Compression Cylinders

Dirt entering the compression cylinders acts as an abrasive, wearing
both the piston rings and the cylinder liners. The air compressor has two
air filter silencers, one mounted on each first-stage cylinder head, to
clean and muffle intake air drawn into the compressor. Each filter con-
tains a cleanable or renewable element. If the filter element ruptures,
both particles of the element and airborne dirt are allowed to reach the
air compression chambers. The rupture problem is known to both the Navy
and Worthington, and redesign has been undertaken to provide a finer ele-
ment and to incorporate a stainless steel mesh to provide greater filter
strength. As of April 1977, NAVSEA had determined that the new elements
were not stocked in the Navy Supply System but were available from Worthin-
ton on a limited basis. When the redesigned elements are ordered, the old
Part Number (P/N 203066-826) should be used, with the requisition remarks
section specifying "Filter with stainless steel mesh". Since corrective
action is in progress, the only recommendation concerning the problem will
be to ensure that information concerning the replacement elements has
reached the ship level.

3.3.1.3 Recommendations

The following near-term actions should be taken:

* Reemphasize to operators of oil-free air compressors the need to
follow the EOSS procedures, particularly those having to do with
the cooling water systems and the condensate drain system.

* Ensure that the information on the proper replacement air intake
filter element is known at the ship level.

One means of accomplishing these two recommendations would be to submit
articles on the subjects to each TYCOM, to be published in their Fleet
information bulletins (i.e., COMNAVSURFLANT's "Contact" and COMNAVSURFPAC's
"Quarterly Information Bulletin").

3.3.2 Dehydrator (APL 440300014) Failure

3.3.2.1 Background

The dehydrators are self-contained, fully automatic units designed to
remove water, oil, and solid contaminants from the low pressure air before
it is supplied to shipboard electronic equipments. The dehydrators are

13
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designed for continuous operation, with moisture removal achieved by cool-
ing the incoming wet air in a refrigeration stage that removes about 90
percent of the moisture and then passing the air through a chamber of
molecular sieve desiccant. To permit continuous operation, two chambers
of desiccant are provided so that one chamber may be reactivated while the
other is dehydrating the air stream. A desiccant chamber is reactivated
by heating the desiccant. Figure 3-1 is a schematic flow diagram of this
unit.

OPERATION PLATE FOR A LOW PRESSURE AIR DEHYORATOR
TYPE |1] (REFRIGERAT ION-HEATER SELF-REACTIVATING DESICCANT)
PER MIL-D-23523B(SHIPS)
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Figure 3-1. DEHYDRATOR (APL 44030014) SCHEMATIC FLOW DIAGRAM
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3.3.2.2 Discussion

Analysis of MDS data and dehydrator CASREPs reveals that next to the
air compressors, these dehydrators are the most problem-prone components
of the Compressed Air Systems. Much of the corrective maintenunce and
parts replacement associated with the low pressure dehydrator is related
to its purge air system, which is used for the reactivation of the desi-
ccant chambers. As seen from Table B-1l, Appendix B, the desiccant cham-
ber's heater elements and the purge-air manifold assembly's ball-check
valves have the highest parts replacement ratios of the items listed.

As currently designed, the purge air system's flow-monitoring devices
(the flow gage and the flow switch) measure the air pressure in the system
and convert it to a flow rate. With this method, a blockage in the purge
air system, downstream of the flow switch, may not cause sufficient pres-
sure drop to activate the flow switch to turn off the desiccant-chamber
heater elements or cause any change on the air flow gage. Such blockage
has occurred, according to MDS narratives, when the desiccant breaks down,
causing desiccant powder to block the purge-air valve. ShipAlt DLG-6-
1170D* (Air Dehydrator Modification Kit) should be installed to correct
this design problem. This ShipAlt employs different flow gages and at the
same time provides for additional reliability and maintainability improve-
ments for the dehydrator (e.g., it adds an inlet separator to remove liquid
water carry-over from the air compressor, installs a solenoid-operated in-
let valve to prevent air from flowing through the unit when it is shut off,
etc.). It may be obtained by using NSN 2H-4130-00-177-8774 at a cost of
$2020. The kit can be installed by Ship's Force.

In addition to the purge-air system monitoring deficiencies, the purge-
air flow switch itself can be improperly assembled, causing purge air system
problems. The problem is described as follows in NAVSHIPS Technical News:

"Reports indicate that, in some cases, the cut-off point of
this device creeps upwards and enters the normal operating
range of the dehydrator purge flo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>