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I FOREWORD

I
I This report is one of four selected as being representative of the

equipment maintenance-history analyses being performed under Contract
-. 

N00140—73—D— 0074 .

I Approximately 50 reports , covering 75 equipments in the 1200—psi
steam propulsion plant for DL(~ and DDG class ships , were prepared during

- the performance of the contract work.
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VI

This report describes the method employed by ARINC Research Corporat-
ion to analyze data for use in development of a maintenance history of
selected equipments in the 1200—psi propulsion plant of the DDG— 2 class

I ships. The maintenance histories are to be used to determine whether the
.1 selected equipments aboard the USS TOWERS (DDG-9) should be overhauled

during the next scheduled overhaul.

I The approach consists of combining and analyzing MDCS data , shipyard V

data , Casualty Reports (CASREPTs), technical manuals , ship ’s steaming hours ,
- 

and information obtained from ship visits. There are four major areas of) analysis, from which the conclusions and recomendations for each equipment
are derived :

- • Corrective-Maintenance Event and Maintenance Mmn-Hu~r Histo ry
I • Parts Usage

- Malfunction Histo ry
II Trend Analysis
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- CHAPTER ONE

I INTRODUCTION

ii
F 1.1 BACKGROUND

The Navy has embarked on a pilot program to increase operational readi-
i - ness and reduce equipment maintenance time and cost of the 1200—psi steam

propulsion plant for the DDG— 2 class ships. The USS TOWERS (DDG—9) is being
used as the vehicle for the program. Part of the effort is directed toward
reducing the cost of overhaul of equipment comprising the steam propulsion
plant. Toward this end , the Navy has authorized ARINC Research Cunder Con-
tract N00l40—73—D—0074, Order No. T0002) to perform a systematic compilation
and analysis of available data related to selected high-priority equipments.

The seven DDG— 2 class ships are listed in Table 1, with their coetnission
dates , builders, and other pertinent information.

Tahl s 1. DOG-2 CLiISS SHIPS

I - Tl..t Hull Ship Unit Launch C~~~issioninq
Sasigi snt I6absr ID Cods Data Data

Atlantic LMf~~iIC~ 006-4 04670 N Y .  Shipbuilding Corp. 2-60 1-62 L
Atlantic S X a n~-rn DOG—S 04671 P T .  Shipbuilding Corp . 6-60 1-62 r

I - Atlantic M V  000—6 04672 N T .  Shipbuilding Corp. 12—60 8-62

Pacific .~~~~~~~~~ 000—9 04675 Todd Shipyard., Inc. 4—5 9 6—61 5

a - Pacific mioisius COG— 14 04640 Todd shipyard.. mc. 5-60 2— 12

I. Atlantic 1T00 006-23 04690 Todd Shipyards , Inc . 2-62 2-64

Pacific I~~ C~~L 005-24 04691 Todd Shipyards, Inc. 2—63 8—64
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Tabl e 2. MAINTENANCE-HISTORY DATA TYPES*

Data Type Remarks 
V

Generation I MDCS Records Adequate and complete - period July 1966
(Magnetic Tape) through December 1969

Generation III MDCS Records Adequate and complete - period January
(Magnetic Tape and Printed 1970 through June 1972
Format)

Material History Reports Adequate and complete for Generation III
(Printed Format) period (January 1970 - June 1972). Provide

narrative back-up to Generation III data.

CASREPT and CASCOR Reports Reports collected cover recent three-year 
V

(Printed Format) period , approximately January 1969 through
July 1972. Reports provide additional back-
ground data on significant failures. Ade-
quate content.

Mechanized Departure Reports Complete for recent overhauls; 43% complete
(Printed Format) for early overhauls; 24% complete for re-

stricted availabilities. Provides marginally
adequate overhaul data for applicable avail- V

abilities.

Work Booklets Complete for 43% of recent overhauls. Aug-
mented by Job Orders on remaining 57% of
recent overhauls. Not available on previous
overhauls. Adequate for applicable overhauls.

Job Orders complete for 57% of recent overhauls. Not
available for previous overhauls. Adequate
for applicable overhauls.

Shipboard Machinery Operating Complete for recent period (generally two
Records years) . Adequate content and detailed scope

for determining utilization factors.

I ~~~~~

*This tab].. is extracted f rom Final Letter Report “Data S”~~~’y and Results
on Candidate Equi pments for Maintenance History Analysis” , February 1973.
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I
1 1.2 PURPOSE

The basic purpose of the ARINC Research work is to provide quantitative
information to aid in decision-making during the overhaul planning required V

for the 1200-psi steam propulsion system of DDG-2 class ships, particularly
the USS TOWERS. This report, one in a series, describes the approach used
to analyze available data related to the maintenance history of the 1200—psi
steam propulsion system. The analysis was conducted to determine whether
the selected equipments aboard the USS TOWERS (DDG—9) should be overhauled
during the next scheduled yard period .

1 • 3 DATA SOURCES

The types of data used for the development of the maintenance—history
analyses for the selected 1200—psi propulsion equipments are presented in

- Table 2. This table also assesses the data and time period of coverage.
I The data generally cover the period July 1966 through June 1972. The pri-

- mary data used during the analyses are from the Navy ’s 3M Maintenance Data
Collection Subsystem (MDCS), supplemented with the other types of data.

I. V
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CIMPTER 1W0

APPROACH

The approach used to establish a maintenance history for the selected
1200—psi steam propulsion equipments consisted of combining and analyzing
MDCS data , shipyard data , and information obtained from ship visits. The
MDCS data relevant to the equipment were segregated to reflect only
corrective-maintenance events, and the corresponding parts used , during
the period July 1966 through June 1972. The shipyard data were snnvnarized
to reflect work performed during Regular Overhauls (RDHs ) and Restricted

I - Availabilities (RAVS ) within the period of interest. The information ob-
tam ed from ship visits was used to develop utilization factors (Table 3),
which were applied to under-way and in-port steaming hours (Table 4) to
calculate equipment operating hours. Table 5 presents an average steaming-
hour profile for the seven ships for the interval between overhauls.

Th. approach comprised four major areas of analysis from which indi-
cators were obtained to derive the conclusions:

• Corrective-Maintenance Event and Maintenance Man-Hour History
Repeated Parts Usage

• Malfunction History
• Trend Analysis

2 • 3. CORRECTIVE-MAINTENANCE EVENT AND MAINTENANCE MAN-HOUR HISTORY

The number of corrective-maintenance events and maintenance man-hours
were first compiled from the MDCS data by year for each of the ships within
the DDG-2 class. A corr.ctiv.-maint.nance event , as used in this approach ,
was considered to encompass any or all labor and part cards contained within
a Maintenance Control Number (WN) or Job Control Number (JCN) . Th. number
of events and aaintsnanc. man-hours were then compared between ship. and
time periods to det rain. consistency of the data . The.. data were then
used to calculate average valu.s of Times Between Corrective-Maintenance
Events, Maint.nance Man-Hours, and Man-Hours Per Maintenance Action for
indivi&al ships and for the .ntir. class. From these values conclusion.
could be mad. concerning the fr.qu.ncy and significanc, of corr•ctiv.
maintenance. If the maintenanc. wes infr.qu.nt and th. number of maint.-
nancs man-hours was a11, th. analyses did not continu. beyond this step.

1 _ 
_ _
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rabla 3. ply LrI’ILIZAT1~~ MTZM F~~ P~~WUL5I~~ IQV!PMmir (500- 2 CtASS)

UI,d~~ -May In-Port

ItIO Nat 0.75 0.50

MaVi~ Cirnointing ~~~~ 0.27  0.52 Undar—v,y rat. calc,alVat.d f~ log—book tlaa at
10 knot, or 1.., whil. .ts 3nq .

Main Circula ting P~~~~ Turbin. 0.27 0.52

I~~/LP Turbino. 1.00 0.0

Distillers 1.00 0.50

to Pur ifier and Motor 0.62 0.10

loilars 0.50 0.25

Forc d Draft 110w., 0.50 0 .25

Auxiliary F..d I.o.tar P~~p and N/A N/A Thu pu.p ia ganarAlly on. of the Main F..d Eoost.r
Tucti n. Poop. rolling over in .tandby at half pr...ure and

no lond .

Main Feed P~ap 0 . 3 3  0.17

Main P..d Boostar P%~~ 0 . 3 3  0.17 Foor motor-driven, two tu rbine-driven.

Fuel Oil Serum . P,~~ (Turbine 0.50 0 .25
Driv.n )

Main Condensata Poop and Turbin. 0 .52  0.27 Two turbin.-driv.n, two motor-driven.
or Motor

Pr.a eur . Nagulat or, Foal Oil 0.50 0.25
5.rvic.

Motor, Ac Auxiliary Cond.na.t. ~~~~ 0 .75  0.50
5510 Sat

Piping , Main St.~~ (7~07/F701) 1.00 0 .50

Piping , S1~~ Set 0.75 0.50

Motor Gland !,.hau.tar 1.00 0.58 Two exhenatara, one sark Main Cond.n.sr . Continuous
operation ateening and during jacking, standby and
vazmop in port .

Duering , Line Shaft 1.00 0.0 Der ived frt pr.vioua ship. ’ vi.it. and report..

Motor, Mai n F..d loo.t.r P~~~ 0.33 0.17

Motor , Ma in Condenaata P,~~ 0.52 0 .27

Cooler . Main Lob. Oil 1.00 0.50

Piping, Fuel Oil 1.00 0.50 D.siy.d Fr.. previou. .hipe ’ visit, and report..

Motor, Auxiliary Circulatthq Poop, 0.75 0.50
5110 Set

Motor , Port and Cr uiaing Fuel Oil 0.0 0.05
Poop

Piping. Main Fead 1.00 0.50

Main Lob. Oil ~~~~~

Turbine Drin. - SO/FOOl 0.55 0.00 Turbine dciv.,, (15 knot, or 1...)
(1501) (FOOl)

Mot~~ Dciv., - W01/PD03 0.02 0.55 Motor drir.n (atandby) -- used whil. j. ckinq in
(P003) (FDO3) port .

~~~~r..sox, F.ciprocatioq 85gb 0 . 15
Pr..,., . Air leryic.

Auxiliary Circulating P~~~ , 0.75 0.50
1150 let

~~~iliary ccndenaet. P~~~. 0.75 0.50
1150 let

~~~~.ing Itation 1.0 0.50

Main Cenden,., 1.0 0.30

Pr...ere Magulator , 00 P~~~ , 0.35 0.10
.34_ i’ll 
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Table 5. PROFILE OF OPERATING HOURS DURING INTERVAL
BETWEEN OVERHAULS (AVERAGE HOURS PER MONTH)

Ship Under Way Not Under Way Cold Iron

DDG—4 244.3 246.4 238.6

DDG— 5 239.8 247.2 243.1

DDG—6 288.3 230.1 211.6

DDG—9 205.3 238.6 287.7

DDG—14 289.6 211.3 228.8

DDG—23 273.0 242.6 213.9

DDG—24 370.3 253.5 107.1

Mean All Ships 274.3 237.8 217.3

2.2 REPEATED PARTS USAGE 
V

The parts used by the seven ships during the six-year period were re-
viewed and analyzed . The initial review was performed -to identify those
parts which were freq uently used to rep air the equipment by the ship ’s force.
All miscellaneous parts , i.e., nuts, studs, gaskets, etc., and infrequently
used parts were exclud ed , and a list was developed from which the estimated
replac~ nent interval could be calculated . Thus it -was possible to project V 

-

the average frequency of part replacenent that could be anticipated during
Fleet operation. This can be presented in equation form as follows:

F — 
NE/S . N~ . NM • N~,0 1 1

where

F — Freq uency of occurrence in equipment months

NE/s — Number of equipments per ship

N8 — Number of ships

NM - Number of months in tim. period

- Number of parts used per occurrence

- Numb.r of total parts used during ti .. period

8 
. H

‘0~9 -( ‘ - c ’de~., ~~~ • - - . V ~~~~~~~~~~~~~~~~~~~~~~~ - C



1

I The frequency of occurrenc e was used to determine the number of over-
V haul. cycles for the individual parts , an overhaul cycle (operating interval

between overhauls) being 36 calendar months. This analysis, in addition to
7 providing an anticip ated replac ement interval for parts , indicated the se-

riousness of repeated maintenanc e and inform ation to aid in determining stock-
ing l.vel..

2.3 MALFUNCTION HISTORY

[ The MDCS malfunction coding was categorized to aid in determining the
type of equipment malfunctions that were recurring . Since the MDCS report-
ing syst l and coding were changed significantly in January 1970 , separate- categories for each of the two reporting systems were required . The report-
ing system used prior to January 1970 is referred to here as Generation I,
and that beginning in January 1970 as Generation III. A Generation II Bye—

- tem did exist, but these data have-’been converted to make them compatible
with the Generation III coding. 

-

In order to combine Generation I and Generation III malfunction data ,
it was necessary to develop a method for correlating the two types of cod-
ing procedures. The method used was to define general categories of types
of malfunctions and then assign malfunction codes from each data—reporting
system to an appropriate category . The general categories selected and
their corresp onding definitions are as follows :

I Category Definition

1. Wearout Any malfunction that appears to be tht
-- result of normal usage stress or de-

l.. terioration.

- 
2. Operation or Environmental Any malfunction that appears to be theI result of exter na l conditions associated

with mission or sea environments or to
be caused by system operation .

- - 3a  Maintenance Any malfunction that appears to be the
- result of maintenance or personnel er-

ror , logistics suppo rt, defective mate—
[ ria l, or inadeq uate operating or main-

tenance instructions .

I 4. Other Malfunctions that cannot be classified
becaus. the da ta are insufficient or
inappropriat, to the .quipment being

I analysed .

- -: - 
_ _ _ _ _ _ _
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Some judgment is req uired , of course , in assigning specific mainte—
nance events to these categories, and in many cases there is no precise
means of obtaining a positive division between categories. However, for
comparison purposes, the relationship between the number of events in one
category and those -of other categories should be reasonably accurate.

The distribution and categorization of the malfunction codes reported
in the Generation I data rep orting system are presented in Table 6. The
code descriptions are taken from the 3M instruction manuals (43P2) .

The criteria for categorizing malfunctions for Generation III data
are based on four types of codes :

1. First Indication of \Trouble (FIT) Code

2. Cause Code
3. Failed Part Condition Code

4. Narrative Remarks

These were used to assign the malfunction (corrective action) event to one
of the four major categories. Of the four types of coded data, the cause
code is the primary indicator ; on occasion, the FIT code can be the only
indication , or this code combined with narrative remarks may be used. The
Fail ed Part Condition Code is not used in this analysis because of its in-
freq uent use .

The Cause Code is used in this analysi , to determine the malfunction
category unless the cause code is “0”. In the case of a “0” cause code,
the FIT code is used. If the FIT code of “0” is used , then the narrative
accompanying the corrective-maintena nce event is used to determine the
category . Tables 7 and 8 show the categorization of the Cause Codes and
FIT Codes , respectively. The results obtained by using this method will )
ref lect some differences in the perc entages of the total number of labor
events assigned to each category . These can be attributed to a number of
causes , such as the following :

~ There are judgment factor s in assigning events to the prop er
category.

e There i, sufficient ambiguity in the selection of malfunction
codes in the older (Generation I) data system to result in
inaccurate category assignment . [ 1The new (Generation III) data system is not mature , which
results in a high percentage of undefined events. -

The new system (Generation III ) actually provides a mon I I
accurate pictur. of the relationship of th. first three
categories.
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Table 7. CAUSE-CODE CATEGORIES (GENERATION III DATA)

Cause Malfunction
Code Description Category

1 Fire/Collision/Battle/storm Damage Environment
2 - Foreign Obj ect Damage Enviro nment

3 Other Abnormal Environment Environment
4 Manufacturer /Installation Defects Maintenance

5 Personnel-Related Maintenance Accident Maintenance
6 Personnel—Related Operational Accident Maintenance

7 Improper/Inadequate Maintenance Instruction or Periodicity Maintenance

8 Improper/Inadequate Operating Instruction Maintenance
9 Design-Related - Normal Stress or Deterioration Wearout

0 Not Applicable (No Malfunction ) Other

Table 8. FIT CODE CATEGORY (GENERATION III DATA)

FIT Malfunction
Code Description Category

1 Arcing /Smoking/Fire /Neat Environment

2 Leaking Wearout
3 Vibration/Noise/Audio Environment

4 Alarm Other
5 Meter /Gauge Reading Other

6 Frequency/speed Rotation Other
7 Video/Sweep/Printout 

- Other I ~8 Suction/Vacuum/Flow Other
9 Fails to: Tune/Adjust/Align/Calibrate/Radiate/Start Maintenance
o None of Above Check Narrative
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I
I These differences , however , do not prevent the data from providing trends

or indicator s of the type s of malfunctions that occur repeatedly. If it
is noted , in either rep orting system , that the predominant cause of cor-
rective maintenanc e is wearout rather than operationa l or maintenance-

I related causes , this supports the conclusion that the equipment will re-
quire overhaul , at some pr escribed period , but not necessarily during each

- regularly scheduled ship overhaul.

2.4 TREND ANALYSIS

I . Trend curves were developed for the equipments on each of the seven
ships included in the analysis. The data from all similar equipments on
each ship were first compiled by quarter , beginning with the third quarter

1 of 1966. These data consisted of the number of corrective-maintenance ac-
tions , the number of man-hours , and parts cost if significant. In addition ,
operating hours were determined for each quarter by multiplyi ng the utiliza-

1 tion factors by the under-way hours and in-port steaming hours. Then the
rates of events per operating hour , man-hours per operating hour , and parts
cost per operating hour (if significant) were calculated. These are plotted
as four-point moving averages (four quarters) for the entire time period ,
with each point plotted at the mid-point of the interval. Each restr icted-
availability and overhaul period is also marked on each plot . These DDG
availability periods are presented in Table 9. 

V

The events-p er-operating -hour and man-hours-per-operating-hour rate s
were chosen as indicators because they will reflect changes in the maint e—

I nance requirements of the ship ’ s force. For example , if the event and man-
hour rates remain parallel , even if increasing , it indicates tha t the equip-
ment problems are not becoming more serious -- only that the frequency is
increasing . However , if the event rate stays constant while the man-hour

I . rate increases, then the seriousness of the equipment problems is incr.as—
ing . On the other hand , if the man-hour rate stays constant but the event

- rate is increasing , the seriousness of the probl ems is decreasing or theI maintenance is probably occurring because of minor or nuisance items.

Any unusual or abnormal situation can readi ly b. detected by reviewing
the plots . These situations are analyzed carefully, with supplementary analy-
sis of other data (such as CASREPT stt~~~ ries) as spprcçrist., to det.rmine
if any significant trends are present .

I -
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Table 9. DDG AVAILABILITY PERIODS’

Ava ilabilities Launch Co iis.ioninq
Date Date

Assigned to Atlantic Fleet

USS LAWRENCE DOG— 4

RON 7 Sept. 1971 to 6 Feb . 1972 2/27/60 1/6/6 2
Restricted 12 Dec. 1970 to 15 Jan. 1971
RON 1 July 1968 to 10 Jan . 1969

USS CV RICKrrrS DDG-5

Restricted 21 Jan. 1972 to 11 Feb. 1972 6/4/70 1/6/62
Restricted 1 Sept. 1971 to 22 Dec . 1971
Restricted 2 July 1971 to 19 Sept . 1971
RON 5 March 1970 to 18 Sept. 1970
Restricted 12 Aug. 1968 to 9 Nov. 1968
RON 14 Dec. 1965 to 12 July 1966

USS BARNEY DDG—6

ROH 1 March 1966 to 15 Aug . 1966
RON 1 Dec. 1969 to 29 May 1970

USS BYRD DDG—2 3

RON 26 March 1971 to 5 sept. 1971 2/6/62 3/7/64
RON 16 Nov. 1967 to 22 May 1968

Assigned to Pacific Fleet

USS TOWERS DDG— 9

Restricted 8 Dec . 1970 to 24 Dec. 1970 4/23/59 6/6/61
RON 2 Feb . 1970 to 10 JUly 1970
Restricted 6 Oct. 1969 to 5 Dec . 1969 Rabitability Work
Restricted 2 June 1969 to 27 Jun. 1969 No Propul sion Work
Restricted 14 Apr . 1969 to 26 May 1969
Restricted 6 psay 1969 to 26 June 1968
Restricted 5 Feb . 1968 to 12 Feb. 1968
RON 14 Apr. 1967 to 18 Oct. 1967
Restricted 1 March 1966 to 8 Apr . 1966

USS BUCHANAN DOG—14

Restricted 13 Dec. 1971 to 14 Jan. 1972
RON 22 Apr . 1971 to 3 Sept. 1971 - 

V

Restricted 30 Sept. 1969 to 8 June 1970
Ra.trict.d 26 F.b. 1969 to 14 March 1969
Restricted 6 Nov. 1967 to 15 D.c. 1967
RON 17 Mar. 1967 to 4 Aug. 1967

USS WADOEL DDG-24 2/26/63 8/28/64 
~ J

Restricted 22 Nov. 1971 to 27 Nov. 1971
RON 5 Feb. 1971 to 20 May 1971
RON 4 Aug. 1967 to 19 Fsb. 1968
Restricted 8 July 1966 to 30 Sept . 1966

~Thie table *s extracted fro. Final Latter Report, “Data Si ery and
Results on candidate Equi~m.nt. for Maint enance Ki.tory Aaislysis”
February 1973.
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