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FOREWORD

— 
This re port , the Review of Experience , document. the historical main-

tenance experienc, for CG-2 6 Clas s Gun Fire Control Systems , SWAB Group 481.1~ It presents an analysis of the existing maintenance policy end recommends
~ speci fic maintenance actions and maintenance policy modifications to ixprove

system material condition . It has been developed for NAVSEA 931X , theI. man ager of the Destroyer Engineered Operating Cycle ( DDEOC) Program, under
Navy Contract N00024- 78-c-4062 .
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- SUMMARY

1.
1

I .

The goal of the Destroyer Engineered Operating Cycle (DDEOC) Program
is to effect an early improvement in the material condition of ships at
an acceptable cost, while maintaining or increasing their operational avail-
ability during an extended operating cycle. In support of this goal , System

- Maintenance Analyses (SMAs ) are being conducted for selected systems and
• ) subsystems of designated surface combatants. The principal element of an

SMA is the Review of Experien ce (ROE) . This report documents the ROE for
the CG-26 Class Gun Fire Control Systems SWAB Group 481.

The ROE is an analysis of the impact of historical maintenance require-
ments and policy on the operational performance or maintenance program of
a ship system , and the significance of these requirements to the DDEOC
Program. The report documents a recommended system maintenance policy and
specific maintenance actions best suited to m eeting DDEOC goals.

I The ROE for the Gun Fire Control Systems included an analysis c.t ~ll
---i 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 f rom these sources were correlated with Planned Maintenance
System (PMS ) requi rements, the alterations program, and system technical

• manuals. Selected ships were surveyed and discussions were held with appro-
priate technical groups to validate identified maintenance requirements, to

• identify undocumented maintenance requirements, and to determine the status
of current and planned actions affecting the Gun Fire Control Systems. All
findings were evaluated and appropriate conclusions developed.

A recommended system maintenance policy was defined on the basis of

• [j these conclusions and recommendations were then made to implement the policy
by periodically accomplishing specific types of corrective maintenance ac—
tions. These actions were documented for inclusion as tasks in the CG-26
Class Maintenance Plans. Also included , as appropriate , were reconinenda-
tions for improving system preventive maintenance; integrated logistic

I.- . support, reliability, maintainability, and availability; and depot- and IMA-
level capabilities. Implementing these combined recommendations will mini-[ - 
mize the impact of corrective maintenance on the extended operating cycle.

_ _  . - •~~~~~~~~ •~~~~~~~~ -- -— -~~~~~~~~~~~~~~~ --~~~~~~~~--
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The major findings and conclusions of this ROE for the CG—16 and CG—26 •

Class Gun Fire Control Systems are summarized as follows: j
• Electronic systems and components do not exhibit any regular fail-

ure pattern; that is , the probability of failure is the same at •

any given time . Therefore, no benefit is derived from pe~riodic
replacement of electronic components , and such replacement is not
recommended.

• The existing maintenance strategy of performing the preventive
maintenance prescribed by PMS and “ run to failure” is adequate to
support the A14/SPG-53A/F Radar Set and the Mk 47 Mod 9 Computer
through an extended operating cycle.

• The Mk 68 Gun Fire Control Systems’ equipments installed aboard
CG—26 Class ships exhibit maintenance burden patterns similar to
comparable equipments installed aboard DDG-37 and P7-1052 Class
ships.

• Ship’s force personnel, with very little outside assistance (IMA
or depot), have the capability to perform most major maintenance
actions to the AN/SPG-53A/F Radar Set and the Mk 47 Mod 9 Computer.

Reliable operation of the Gun Fire Control Systems can be expected
• throughout an extended operating cycle if the recommendations contained in

• this study are implemented and existing PMS maintenance requirements are
strictly adhered to.

F L
LJ~~

vi
• 

_  

Li~~



~~~TL_ ~~~~~ _ _ _ _ _ _

CONTENTS

P~ge

FOREWORD iii

SUMMARY V

CHAPTER ONE : INT RODUCTION 1

1 1.1 Background 1
1.2 Purpoee and Scope 1 —

1 1.3 Report Format 1

I CHAPTER TWO : APPROACH 2

2.1 Overview 3
2.2 Data Compilation 4

- 2.3  Maintenance Data Analysis 4
2.4 Maintenance Program Definition 6

CHAPTER THREE : RESULTS 7

II 3.1 overview 7
3.2 Gun Fire Control System, SWAB 481.1 9

E 3.2 • 1 AN- /APG—5 3A Radar Set (APL 56995306 and Mk 1 Mod l
- Radar Signal Processing Equipment (APL 78640113).  12

3 .2 .2 Mk 47 Mod 9 Computer (APL 49402033) and Mk 116

L Mod 4 Ballistics Computer (PPL 49402034) 28

CHAPTER FOUR : CONCLUSIONS AND RECOMMENDATIONS 37

E 4.1 Conclusions  37
4.2 Recoaniendations 37

I SOURCES OF INFORMATION .

APPENDIX A A—l

I • APPENDIX B  B—I

APPENDIX C •  C’i

I 1H
vii - - 

-

I • 1’

- _ _ _ _



• 

- 

~~~~~~~~~~~~~~~~~~

I
1;
a

CHAPTER ONE

INTRODUCTION

1.1 BACKGROUMD

[ System Maintenance Analyses (SMAs ) are being conducted as part of the
Destroyer Engineered Operating Cycle ( DDEOC) Programs managed by NAVSEA
931X. The principal element of an SMA is the Review of Experience (ROE )
of selected systems and subsystems of program-designated surface combatants .

-. This report documents the ROE for the CG-26 Class Gun Fire Control System ,
SWAB Group 481, which was selected for analysis because equipments of this
system have been major contributors to the CG—26 Class maintenance burden .

1.2 PURPOSE AND SCOPE

• The ROE is an analysis of the impact of historical maintenance require-
ments and policy on a ship system’ s operational performance or maintenance
program. It serves as a vehicle for documenting the significance of his-

- torical maintenance requirements to the DDEOC Program.

I - The objective of the ROE is to define and document a maintenance pro-
gram for CG-26 Class ships that will prevent or reduce the need for un-
scheduled maintenance while improving material condition and maintaining
or increasing ship availability throughout an extended ship operating
cycle. The maintenance program defined and documented in an ROE for a

• selected equipment will be the basis for maintenance tasks to be developed
for inclusion in the Class Maintenance Plan.

L The analysis documented in this report is specifically applicable to
the Gun Fire Control Systems, SWAB Group 481, of the CG-26 Class ships.
This analysis utilized all available documented data sources from which
system maintenance experience could be identified and studied. These in-
cluded Maintenance Data System (NDS ) data , Casualty Reports (CASREPs) ,
Board of Inspection and Survey (INSURV) reports, departure reports, Ship’s
Alteration and Repair Packages (SARPS) , Planned Maintenance System (PMS )
requirements data , system alteration documentation , and system technical
manuals. Sources of undocumented data used in this analysis included dig—

• 
• 

cussions with ship’s force and cognizant Navy technical personnel.

I
1 



1.3  ~~PORT FORMAT

• The remaining chapters of this report describe the analysis approach
(Chapter Two) , briefly presen t the significant system maintenance experi- 

•• ence and discuss essential maintenance requirements (Chapter Three ) ,, and
• su ari ze the conclusions and re comeendations derived from the anal ysis

(Ch apter Four ) . Specific analyses , evaluations, and data compilations
that stQport the findin gs of this effort are included , as necessary , in
appendixes .

2
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CHAPTER Th’O

I E APPROACH

(i:
2.1 OVE RVIEW

a This chapter describes the approach followed in perfornung the ROE
for equipments and subsystems in the Gun Fire Control Systems, SWAB Group

- 481 . These systems were identified for analysis in the DIEOC Selected
I tems f o r  Ana ly s i s  List , CG-26 Cl ass , ARINC Research Publication 1653—06-
TR— 1875 . Pr ima ry data sources were ident i f ied in Section 1.2. The data
were used to i d e n t i f y , de f i ne , and anal yze maintenance requirements that
have s i g n if i c a n t l y  affected the system ’s ope rational availability and

• • material condition . A recommended maintenance strategy and implementation
procedures were ~ormuiated on the basis of analysis results. The major

- steps of the analysis were as follows :
• 

• Relevant documented and undocumented maintenance history data were
compiled for the selected equipments or subsystems .

1. • These data we re analyzed to identify and define recurring mainte-
nance requirements that have a significant impact on the operational
availability and material  condition of these equipments or sub-

J 
systems.

• The results of ROE analyses were ~oznpared with results of previously
compl eted analyses of identical or fun ctionally similar equipment
or subsystems (on other classes of ships) to determine if prior
maintenance strategy and implementation recommendations apply to
CG—26 Class ships.

E If previously developed maintenance strategies and recommendations
were determined to be applicable to similar equipment or subsystems

E 

of the CG-26 Class ships, they were identified and documented in
the report. CMP tasks previously developed were modified to reflect
their applicability to this ship class.

~~ 

• Where previously developed maintenance strategies and implementa-
- tion recommendations were not applicable to CG-26 Class ships, a

detailed maintenance analysis was conducted to develop the mainte-
nance strategy to be recommended and the steps to be employed in

[ 

implementing that strategy .

I s. --
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2.2 DATA COMP I LAT ION

The analysis began with the compilation of comprehensive data on the
maintenance history of the system. The data f ile assembled consisted of
four key elements: an MDS data bank , a CASREP narrative summary , a system
overhaul experience summa ry , and a system ShipAlt summary . A library of
appropr iate technical man uals , bulletins, and related documents was also
assembled. The MDS data bank was compiled by examining all MDS data re-
ported for the CG-16 and CG-26 Classes from 1 January 1970 through 31 De-

• cember 1977. In the case of the CG—l6 Class, MDS data reported between
1 January 1970 and completion of modernization were not considered. Thus
the data bank for ships of this class includes only the MDS reported mainte-
nance actions occurring between the end of modernization and 31 December
1977. CASREP information was obtained by reviewing CASREP5 submitted
again st the various Gun Fire Control Systems’ equipments during the data
period 1 January 1972 through 31 August 1978. Ove rhaul information was
obtained from authorized SARPs and departure reports for ships of both
classes.

2.3 MAINTENANCE DATA ANALYSIS

Recurring maintenance requirements affecting the availability and
ma erial condition of subsystems or equipments were identified by screening
data obtained from the above — described sources , as well as from ship surveys,
discussions with Navy techn ical personnel , and NAVSEA special-interest
programs.

MDS data provided the initial and primary source of information screen-
ed. The resulting data base includes all part and labor records , as well
as narrative material , describing maintenance actions reported against
system components. The purpose of the screening process was to identify
maintenance actions that had been reported against the Gun Fire Control
Systems ’ equipments.

Preliminary analysis of each of the equipments was directed toward
determining the historical maintenance profile in terms of reported man-
hours per equipment operating year, types of maintenance actions commonly
recurring , type and number of repair parts used , CASREP fi~ quency , and past
ROH experience . The historical maintenance profile was then compared with
similar information developed for identical or functionally similar sub-
systems or equipments previously subjected to detailed analysis during the
performance of ROEs for FF-1052 and DDG-37 Class ships. Further analysis
was not conducted where the results of this comparison showed that the
maintenance profile for the CG— 26 Class equipment was essentially the same
as that of an identical or functionally similar subsystem or equipment
previously analyzed on another ship class. Instead , the maintenance
strategy and implementation recommendations developed for the same or
similar equipment on a previously analyzed ship class were identified as
being applicable to the CG-26 Class ships, as documented in this report.

4
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Where the results of the historical maintenance profile comparison
• 1 did not reveal a marked similarity, a detailed maintenance requirements

engineering analysis was conducted. Initially , man-hour and parts-usage
trend, were examined to determine if either parameter increased as a func—

— tj on of time after overhaul, indicating wear-out or deterioration. If no
increasing trend was evident, it was assumed that the equipment nr subsystem
could be expected to continue to operate satisfactorily, exhibiting its
current maintenance characteristics throughout an extended operating cycle.
If an increasing trend was evident, additional analysis was conducted to
identify apparent problems and establish the time at which planned restor-
ative maintenance would be required to prevent an unacceptable increase in
maintenance burden and downtime.

Detailed analysis was directed toward defining each recurring signifi—
cant maintenance requirement in terms of several specific factors : the
effect of the maintenance action on the subsystem or equipment , the interval
between occurrences of the action , the redundancy of the affected subsystem

- • 
or equipment, the criticality to mission accomplishment, the resources re-
quired to perform the necessary corrective maintenance, and the expected
subsystem or equipment downtime .

Once the factors associated with the historically required maintenance
actions were identified, the individual types of historical maintenance
actions were analyzed to identify any design- or maintenance-related prob-
lems that would have an impact on the selection of a maintenance strategy.
Solutions were then sought by examining each problem in relation to the
extent to which it was recognized and its amenability to established types
of corrective action. These dnalysis criteria are expressed in the follow—

- ing 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 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 the system’s
integrated logistic support (ILS) at the ship’s force level?

• Can the problem be reduced or eliminated by improving Intermediate
Maintenance Activity— (IMA) or depot-level capabilities?

• Can this problem be reduced or eliminated by revising the existing
maintenance strategy?

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 engineer to go to

‘I’. 
• the next question. After all the questions concerning an individual pro—

blem were asked , the alternative solutions were evaluated and the most

__________ • - • - — - — -  — — • • • - • .  —•.•~‘.——.•~~~~••~~~~~~~~~~~ ••~~~~-• ~~~~
-
~~~
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acceptable alternatives defined and documented as recommendations. These
recommended solutions to identified design or maintenance-related problems
were then considered during the definition of the maintenance strategy .
A further series of implementation recommendations was then formulated to
accomplish the objectives of the maintenance strategy selected for the
engineered operating cycle (EOC) .

2.4 MAINTENANCE PROGRAM DEFINITION

The recommended maintenance program stems directly from the subsystem
and equipment maintenance strategies identified by the analysis. The total

• maintenance program includes both the scheduled and unscheduled preventive
maintenance and “engineered” and “qualified” corrective maintenance required
to maintain the subsystems and equipments at acceptable levels of material
condition and availability over an extended operating cycle. Engineered
corrective maintenance comprises those tasks which are well defined and
must be accomplished periodically. Qualified tasks are those nonspecific
repairs that are likely to be required but cannot be characterized precisely
as to nature and frequency.

• In development of the implementation recommendations, the results of
the analysis were used to identify specific corrective maintenance tasks
that would be required periodically. Once these tasks were identified,
the frequency of accomplishment, the manpower resources required for ac—
complishment, and the maintenance level required to perform the work were
determined for engineered tasks. Qualified maintenance tasks were also
identified on the basis of historical data to reserve blocks of man-hours
at specified intervals to complete required but nonspecific Class C
repairs on the subsystems or equipments under analysis.

Where appropriate , additional recommendations were developed for
improving subsystem or equipment reliability, availability, and maintain-
ability; logistic support; and IMA - or depot-level capabili$ies.

The steps described in this section effectively define the maintenance
program recommended for the subsystems and equipments identified for de-
tailed analysis in this ROE. Recommendations resulting from this analysis
will be used to develop the Class Maintenance Plan (CMP).

________________________________________ - ~~-~~~~~•
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CHAPTER THREE L

RESULTS

1.

t 4

3.1 OVERVIEW

This chapter presents the results of a System Maintenance Analysis of
selected equipments of the CG-26 Class Gun Fire Control Systems (GFCS )
(Ship Work Authorization Boundary (SWAB ) 48 1). Appendix A provides a
block diagram showing the basic component relationships for this SWAB .
Subsections of the chapter describe system functions and component rela-
tionships, present the selection criteria for SWAB component analysis , and
identify maintenance strategies for the system and components that will
reduce or eliminate maintenance problems and related equipment failures
having the greatest impact on the system maintenance burden.

CG—26 Class ships were visited to confirm the results of the analysis
or to identify other problems that did not manifest themselves in the
analysis of the maintenance data.

Four SWAB 481 equipments were selected for analysis: AN/SPG-53A
Radar , MA 1 Mod 1 Radar Signal Processing Equipment (RSPE) , MA 47 Mod 9
Computer , and Mk 116 Mod 4 Computer. These equipments were selected from

~ I 
the Selected Items f o r  Analysis Lists , CG-16 and CG-26 Classes (ARI NC
Research Publication 1653—06-TR-1875 dated Febcuary 1979) on the basis of

r their respective contributions to the total class maintenance burden as
determined by their individual Maintenance Burden Factor (MBF) rankings .

• Three categories of information were used to determine this ranking :
(1) the ship ’s force and Intermediate Maintenance Act iv i ty  (I MA ) corrective
maintenance man-hour burden (MBFcm) reported in the Maintenance Data System
(MDS), (2 )  the annua l Planned Maintenance System (PMS ) man-hour burden
(MBFpm) as determined from equipment Maintenance Requirement Cards (MRCs) ,

• and (3 ) the average number of man-days required for equipment repair during

J Regular Overhaul (ROH) as reported in Class Repair Profiles.  A summary of
these data for the seiected ( GFCS) equipments is presented in Table 3-1
together with relative corrective and preventive maintenance burden rank-
ings. SWAB 481 equipments did not meet the criteria for inclusion on t ~
CG-16 Class, Selected Items for Analyb is List s therefore , no CG-16 Class
SWA B 481 analysis or recommendations are provided in this report.

The major GFCS components installed aboard the CG-26 Class ships are
common or similar to major GFCS components installed aboard the DDG-37
Class and the FF-l052 Class ships . Components that are not common to all

3 
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- three ship classes usually dif fe r  only in modification (Mod) number. In
all cases of similar components in the three classes , the FF-1052 Classa. carries the newest Mod and the DDG- 37 Class carries the oldest Mod.

- The MDS component burdens were compared initially by using the infor—
1. mation presented in the MDS Summary of Selected SWAB 481 Compone4lts (see

Appendix B ) .  The comparisor results are presented by ship class in Table
3-2. This comparison showed that the same components identified on the

I • Selected Items for Anal ysi s List for the CG-26 Class (AN/SPG-53A Radar , Mk
47 Computer , and MA 1 Mod 1 ~~PE) accounted , respectively ,  for 65.2 percent ,
63.1 percent , and 59.8 percent of the GFCS ship’s force man-hour burden for
the CG—26 Class , DDG-37 Class , and FF-1052 Class. Components in the CG—26
Class generally reflected a higher average man-hour component burden per
ship operating year than their counterparts on the othe r two classes ; how—

- - ever , the CG-26 Class components exhibited maintenance burden patterns
similar to those of comparable components of the other classes of ships .
More detailed component compar isons are presented in the appropriate corn-

• ponent subsections .

• Each component identified by the Selected Items for Analysis List for
the CG—26 Class is discussed in a subsequent section.

I:
3.2 GUN FIRE CONTROL SYSTEM, SWAB 481-1

I The primary purpose of the GFCS installed aboard a CG-26 Class ship is
• to provide gun orders to the ship ’s 3-inch , 50-caliber gun mounts or the

ship ’s 5—inch, 54-caliber gun mounts (or both) during air and surface
I engagements. The system may also be utilized as a secondary target-
L . designation source by other components of the ship ’s weapons system , and

as an aid to the ship’s underwater battery fire control system (UBFCS) .
The major components of SWAB 481 are shown in Table 3-3. The individual

j component functions are discussed in appropriate component subsections.

• - The component group that collectively provides gun orders to the 5-
J inch , 54-caliber gun mounts is commonly called the MA 68 GFCS. As shown• - in Table 3—3, all CG-26 Class ships have a MA 68 GFCS with a 5-inch, 54—

caliber gun moun t and two 3-inch , 50-caliber mounts.

I . Baseline Overhaul (BOH) will modify the present GFCS configuration
by removing the 3-inch, 50-cal iber gun mounts and the associated fire con-

L trol components f rom the CG-26 Class ships (see Table 3—3, 3” Guns). For
this reason , the 3-inch , 50—calibe r gun moun t and its fire control com-
ponents were not analyzed .

The MA 68 Mod 8 GFCS will be modified to a MA 68 Mod 16 GFCS during
BOH on six of the nine CG-26 Class ships (CG-26 , -27, —28 , -30 , -32, and
-33) . The remaining three CG-28 Class ships will be modi fied to the Mk 68

~~ Mod 16 during the first Regular Overhaul (ROH) after BOB ( CG—29 , -31, and
-34). Table 3-4 shows the major component changes that will take place
with the installation of the Mk 68 Mod 16 GFCS. The effect of these
modifications will be discussed in the applicable component subsections.

1 9
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?ahje 3-2. C0149?.R1SOtl O~ SE1.ECrED pa 68 Grc5 c PONEWVS FOR mz cG-26 CLASS ,
000-37 CLASS , and FF-1052 CLASS

Percent of I Av.rage
Percent of Percent of P.co.nt of Man - 4lours

Nomenclature Ship ’s P’orce ‘l’0t~~ IsA Total System Total Systea Per Ship
Ma n -Hours Man-Hours Man-Hours I Part s Colt Operating

1 Year

CG—26 Class j
A$/SPG—53A Radar 36.4 20.3 35.2 43.4 302.3
sA 47 Mod 9 Computer 21.9 10.1 21.1 27.6 181.3
Mk 68 Mod 3 Gun 12.6 38.7 14.6 4 .6  125.6

Director
* 2 Mod 3 Director 7.0 5.4 6.9 4.6 59.4

Control Drive
* 1 Mod 1 RSPE 6.9 2.4 6.5 1.9 56.2
Mk 16 Mod 2 Stable 4 .3  .8 4.0 8.1 34.7

Element
* 75 Mod 1 Range- 2.1 4.6 2 . 3  .9 19.4

finder

Total 91.2 82.3  90.6 91.1

000—37 Class ’

Afl/SPG—53A Radar 32 .4  6.8 30.2 50.8 22 1.7
Mk 47 Mod 7 Computer 24.9 7 .3  23.4  26.4 171.7
liii 68 Mod 2 Gun 9.2 20.6 10.2 3 .2 74.5

Director
P1k 16 Mod 1 Stable 10.0 3.9 9 .5 9.6 69.7

Element
Mk 2 Mod 2 Director 5.6 9.9 5.9 1.5 43.8

— Control Drive
P1k 1 Mod 1 RSPt 5.8 .7 5.4 3.7 39.5
Mk 41 Mod 10 Range— .08 38.7 3 .3  .04 201.5

finde r

Tot~ 1 87 .9 87.9 87.9 95 .2

FF—1052 Class ’

AN/SPG—53A Radar 39.8 11.6 37 .9 49.1 160.6
Mk 47 Mod 10/11 14.6 10.5 14.3 14.7 60. 7

• Computer
P1k 68 Mod 3 Director 12.9 29.5 14.1 2.8 59.9
Mk 16 Mod 2 Stable 5.0 1.2 4.8 9.7 20.1

- - Element -

P1k 2 Mod 3 Director 5.6 10.1 4.9 11.4 25.2
• Contro l Drive

P0c 1 Mod 1 RSPE 5.4 0 4.0 0.9 2 1.3
Mk 75 Rangefinde r 1.6 14.2 2. 5 1.6 10.4

Total 84.9 77. 1 82.5 90.2

‘Data from Table 3-1 of Syatem Maintena nce Anal ysis , DDG-37 Class MA 68 Gun F ire Control SVstme,
MISC Resea rch Publication 1652—fl1— 76—lRnl , S.pte.w*w.r 1Q7R .

“Data tram Table 3—1 of System Ma:ntena nce~ A naip,s is , Fr-1032 Class MA 68 Gun Fir. Control Syatme,
ARINC ~~search Publication 1646—03-4— ISRS , March 1977.

ii
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Table 3-3. CG-26 CLASS SWAB 481 MAJOR COMPONENTS 
•

- 
Components GunNomenclature per ship System

• AN/SPG—53A/F Radar Set 1 5”
Mk 47 Mod 9 Computer 1 5”
MA 116 Mod 4 Ballistic Computer 1 5” H

• Mk 68 Mod 3 Gun Director 1 5”
Mk 16 Mod 2 Stable Element 1 5”
Mk 2 Mod 3 Dynamic Tester 1 5” •

Mk 7 Mod 1 Error Recorder 1 5”
MA 14 Mods 5/8 F.C. Switchboard 1 5”

/

Mk 32 Mod 2 Relay Transmitter 1 3”
Mk 51 Mod 3 Gun Director 2 3”

1

Table 3-4. MOD 16 CONFIGURATION CHANGES

Major MA 68 Mod 8/All Mk 68 Mod 16
I - Components (Present) (BOB/Subsequent ROB)

Radar Set AN/SPG-53A AN/SPG-53F
Computer Mk 47 Mod 9 Mk 160 Mod 1
Director Mk 68 Mod 3 Mk 68 Mod 9 -

•

Stable Element Bk 16 Mod 2 Bk 16 Mod 11
Dynamic Tester Mk 2 Mod 3 --

- . Error Recorder Bk 7 Mod 0/1 Bk 12 Mod 1
Switchboard Bk 14 Mod 8 Mk 14 Mod 18

[1
For this analysis, the Bk 1 Mod 1 RSPE and the AN/SPG-53A Radar

(Subsection 3.2.1) will be discussed as one component because of their
- close functional relationship, as will be the Bk 47 Mod 9 Computer and
- the Bk 116 Mod 4 Ballistic Computer (Subsection 3.2.2). The AN/SPG—53A

Radar Set and the Bk 47 Mod 9 Computer are discussed in subsequent sub-
sections because they appear on the CG-26 Class Selected Items for Anal-
ysis List and they collectively account for 65.2 percent of the CG-26

1 Class Bk 68 GFCS ship’s force man-hours over the MDS data period observed

J (see Table 3-2).

A detailed comparative analysis, and maintenance analysis with appro—

- 
priate recomendations for each component analyzed , follows.

I
1 
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3.2.1 AN/SPG-53A Radar Set (APL 56995306) and Bk 1 ~bd 1 Radar Sjqna~Processing Equipment (APL 78640113)
i-- •J

3.2.1.1 Background

The Bk 68 GFCS directs the aiming and firing of the 5-inch , 54-caliber
gun by using information supplied by the AN/SPG-53A Radar Set, the Bk 68
Gun Director , and the Bk 47 Computer. The primary purpose of the Radar
Set is to supply range data to the computer , and bearing and elevation
error voltages to the Bk 76 Amplifier (a suboomponent of the Bk 68 Gun
Director). This information is ultimately combined with other shipboard
data to produce orders that position the gun mount.

The radar set consists of the following eleven major units (Units 11
and 12 are not intrinsic to the radar):

Unit
Number Description

1 Antenna Assembly
2 Motor Assembly
3 Receiver-Transmitter
4 Power Supply Group
5 High Voltage Power Supply
6 Console, Radar Set
7 Foot Switch
9 Control Amplifier
10 Foot Switch
11 Blower
12 Radar Signal Processing Equipment

• (RSPE) (APL 78650113)

OrdAlt 4480, which added the RSPE to the AN/SPG-53A Radar Set, provides
the Radar Set with a rapid automatic range and angle acquisition facility
and significantly improves the radar performance in a j airmiing or counter-
measures environment.

The AN/SPG-53A Radar Set is scheduled for modification to an Ail/SPG—
53? (APL 56995320) Radar Set before or during BOB. At the present time,

- • the AN/SPG-53F Radar Set is installed on eight of the nine CG-26 Class
ships, by FY 1980 it will be installed on CG—34.

Installation of ShipAlt CG—26—0442X -- with block OrdAlt 8709, con-
sisting of OrdAlts 6894, 6973. 7672, and 8192 —— converts the AN/SPG—53A
Radar to the AN/SPG-53F Radar. This ShipAlt is designed to increase the
maintainability and reliability of Unit 6 by replacing one subunit and
adding two new subunits. Table 3-5 shows specific differences resulting
from installation of ShipAlt CG-26-0442k.

1 ~~ -
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- Tabl e 3-5. SHIPALT CG-26-0442K

OrdAlt Unit/
DescriptionNumber Subunit

i . 8709 OrdAlt s 6894 , 697 3 , 7672 and 8192 6
6894 Replaces Range Computer CP-449/SPG—53A 6A

with digital Range Computer Bk 154 Mod 0

6973 Provides radar with a target signal generator 6E
7672 Provides radar with an angle error indicator 6D

• 8192 Installs fan in Unit 6G 6G
• -- Installs Ready Spares Cabinet Bk 6 Mod 0

With the exceptions noted above , the AN/SPG-53F Radar Set will basically
comprise the same parts and perform the same functions as the AN/SPG—53A
Radar Set. Therefore, the unchanged units in the AN/SPG-53F Radar Set are
expected to show maintenance patterns very similar to those previously
experienced with the AN/SPG-53A Radar Set.

In addition to the AN/SPG-53F modification , the installation of the
Bk 68 Mod 16 GFCS will remove the RSPE (Unit 12) and replace it with a
solid—state video processor. The video processor will perform the same
function as the RSPE, but it will be installed as an integral part of
Unit 6, the radar set console (OrdAlt 8949—W021 3, GFCS Bk 68 Baseline 1E).

Fleet personnel and maintenance school instructors report that correc-
tive maintenance time is greatly reduced and alignments of the equipment
are easier and less time-consuming with this OrdAlt installed because the
video processor is solid-state and physically part of the radar set. Pre—

L. viously , the RSPE was seated in the gun director.

The other significant change to the radar set during the Bk 68 Mod 16
installation will be the removal of the AS-SlS Scanner Assembly (Subunit 1A)
and the installation of the Bk 38 Electronic Scanner (OrdAlt 6920, modified
by OrdAlt 9214).

Although the AN/SPG—53F Radar Set will be installed on all CG—26 Class
• ships before or during BOB, only those ships with the Bk 68 Mod 16 GFCS

installed ar~ scheduled to receive the solid-state video processor and the
Bk 38 Electronic Scanner Assembly. NAVSEA 0432 technical personnel dis-
closed that all AS-515 Scanner Assemblies will eventually be replaced by
Bk 38 Electronic Scanners through normal attrition. The new scanner assem-
bly is expected to be easier to maintain and to require fewer corrective
maintenance man-hours than the AS-5l5 Scanner Assemblies. For this analy—
sis, it is assumed that the new Bk 38 Electronic Scanners will not be
available during BOB to those CG-26 Class Ships which will retain their
present GFCS configuration until a subsequent ROB. 1Therefore , recotirienda-
tions made in this subsection are categorized as (1) CG-26 Class ships

I
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I
receiving the Bk 68 Mod 16 GFCS during BOB (CG—26 , -27, -28, —30, -32, and
—33); (2) CG—26 Class ships receiving the Bk 68 Mod 16 GPCS during a sub-
sequent ROB (CG—29. —31, and —34) ; or (3) all CG—26 Class ships.

3.2.1.2 Comparative Analysis

This subsection compares end contrasts the maintenance experience of
the CG-26 Class AN/SPG-53A Radar Sets (including the Bk 1 Mod 1 RSPE) with
that of similar radar sets installed aboard DDG—37 Class and FF—1052 Class
ships by comparing the reported MDS man-hour burdens for the AN/SPG-53A
Radar Sets, the reported parts usage data on the radar sets, and the CASREP
rate and cause for radar sets of the three ship classes. If these three
parameters are similar among the ship classes compared, the maintenance
experience of the CG-26 Class AN/SPG-53A Radar Sets can be considered
similar to that of the DDG-37 Class and FF-1052 Class AN/SPG-53A Radar
Sets. Apparent differences in any one of these parameters will be examined
in the following subsections.

MDS Man-Hour Burden Comparison

An initial comparison of the reported MDS data on the Bk 68 GFCS
among three ship classes showed that the AN/SPG—53A Radar Set (including
the Bk 1. Mod 1 RSPE) was responsible for 38.2 percent to 45.2 percent of
the system ship’s force man—hours. This system-level comparison also
showed that the CG—26 Class AN/SPG—53A Radar Sets were responsible for a
significantly greater proportion of the system’s IMA man—hours than the
DDG-37 Class and the FF-1052 Class radar sets (see Table 3-2).

Further comparisons of the average number of reported ship’s force
man-hours and IMA man-hours reported per ship operating year for the radar
sets and RSPE showed that the CG-26 Class reported a significantly greater
number of both ship’s force man-hours and IMA man-hours per ship operating
year than either the DDG-37 Class or the F’F—1052 Class ships, as shown in
Table 3—6. Table 3-6 also shows that the CG—26 Class ships have experienced
a greater number of average ship operating years than the other two ship
classes examined. These data indicate that either CG-26 Class ships are
performing more radar set correetive maintenance on a regular basis then
the other ship classes or equipment deterioration is increasing as time
out of overhaul is increasing , necessitating more corrective maintenance
as a function of time. These possibilities and the reasons for the greater
cG—26 Class corrective maintenance man-hour burdens are examined in Sub—
sections 3.2.1.4 and 3.2.1.5.

Parts Usage Comparison

Parts usage for the AN/SPG-53A Radar Set and Bk 1 Mod 1 RSPE was com-
pared by using only those parts considered to be significant in terms of
their ratio of replacements to total part population , or their individual
cost. Appendix C summarizes the significant parts used for the AN/SPG—33A - 

)

Radar Set and the MA 1. Nod RSPE installed aboard CG—26 Class ships during J
the MDS data period. This appendix also identifies the subunit or circuit
use most often reported through the MDS narrati~zes for each significant part.

‘1
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When significant parts of the CG-26 ..lass radar sets and the RSPE
were compared with parts identified as significant for the DDG-37 Class
and the FF-1052 Class ships, it was found that approximately 36 percent
of the CG-26 Class AN/SPG-53A Radar Set parts had been previously identified
during both the DDG-37 Class and the FF-1052 Class GFCS analyses. Approx-
imately 78 percent of the CG—26 Class RSPE significant parts were also
ident~.fied in the DDG-37 Class GFCS analysis (see Appendix C).

The Radar Set and RSPE significant parts were also examined to deter-
mine which of the 11 major units most often required repair. It was
assumed that a part replacement indicated a repair action. Table 3—7
summarizes the repairs to the major units of the radar and the RSPE for
CG-26 Class ships.

For the CG-26 Class and the DDG-37 Class ships, units 3 and 6 collect-
ively accounted for approximately 63.2 percent and 62.8 percent, respec-
tively , of the significant parts repairs. Although a different method was
used to define radar unit repairs in the FF-1052 Class GFCS analysis,
units 3 and 6 accounted for 66.6 percent of the radar set repairs for the 

)

FF—l052 Class (data from Table 3—2 of the FF-1052 Class Bk 68 GFCS SMA).

These parts usage data indicate similar corrective maintenance experi-
ence for the three ship classes examined .

!‘.~b~~~- ~-7 . AN. - s~~;-53A U N I T  REPAIRS

D~~:~ 3~ Class ~ CG—26 Class r
~n~~t N~~~t n c h tt u t ~N umber — —— ______ _______________ ______

Num~~-r  Nu~~~er
~‘f Re ‘airs of Re a irs

1 Antenna Assembly 68 7 46 7

3 R ece i v e r— T r a n s m i t t er  1594 2 1231 2

4 Powe r Supply Group 1096 3 720 3

5 High Voltage Power 515 4 287 6
Supply

6 Console — Radar Set 1655 1 1707 1

9 Control A mp l i f i e r  126 5 288 5

11 Blower 0 3 8

12 Radar Lignal Processing 88 6 394 4 - -

Equipment

U n i t  Total 5142 4676

Data from Table 3-3 o~ the DDG-37 Class Mk 68 Gun Fire Control System SMA.

~ 1 :



CASREP Comparison

CASREPS for the AN/SPG-53A Radar Set and the Bk 1 Mod 1 RSPE were
compared by ship class to determine if the types of critical failures
experienced by the radar were similar on the different classes of ships.
Table 3—8 summarizes the available CASREP data on the CG-26 Class, DDG’-37
Class, and FF—l052 Class ships.
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The CG-26 Class failute experience is similar to that of the DDG—37
Class and the FF-1052 Class ships. The rates of CASREP submissions against
the radars for the three classes of ships examined were nearly the same,
as shown in Table 3-8. These CASREPs-per-ship—operating-year figures were
determined by dividing the class CASREP total by the total class ship
operating years during the data period.

CG-26 Class r adar set units 3 and 6 were responsible for approximately
55 percent of the total radar set CASREPs, while the DDG—37 Class and the
FF-1052 Class radar set units 3 and 6 accounted for 42 percent and 44 per-
cen t 9  respectively, of the total class radar set CASREPs. The greater
number of average ship operating years for the CG-26 Class ships may account
for this difference . This possibility is examined in Subsection 3.2.1.4.

Comparative Analysis Results

In sunnnary , this comparative analysis subsection has shown the
fo11owin~~.

The CG—26 Class reported a significantly greater number of both
ship ’s force man-hours and IMA man-hours per ship operating year
for the radar set and RSPE than either the DDG-37 Class or the
FF_ 1L 852 Class ships.

CG—26 Class radar sets were responsible for a signif icantly greater
pc’rtion of the individual class Bk 68 GFCS IMA man—hours than the
DDG—37 Class and the FF-1052 Class radar sets.

• MDS data revealed a hi gh parts-usage correlation for the three
sh ip classes examined (AN .’SPG—53A Radar Set and Bk 1 Mod 1 RSPE).

• Radar Set units 3 and 6 collectively accounted for 62.8 percent
to 66.6 percent of the radar set significant part repairs for the
three ship class. compared.

• The rates of CASREP submissions against the radar sets were nearly
the same for the three ship classes examined.

• CG—26 Class radar set units 3 and 6 were responsible for approxi-
m~tely 5~ percen t of the total radar set CASREPs , while the DDG—37
Class and the FF-l052 Class radar set units 3 and 6 accounted
for approximately 42 percent and 44 percent , respectively, of the
total class radar set CASREPs.

The parts-usage and CASREP comparisons indicate that the maintenance
experience of the CG-26 Class AN/SPG—53A Radar Sets is very similar to that
of the DDG—37 and the FF-l052 C1,~ss radar sets. However, the MDS man—hour
comparisons indicate that the CG-26 Class maintenance experience might
differ from that of the DDG—37 and the FF-1052 Radar Sets. These incon— j ~sistencies are examined in Subsections 3.2.1.4 and 3.2.1.5.

3.2.1.3 MDS Data Summary

The available MDS data were examined to determine what percentage of
AN/SPG—53A Radar Set and 14k 1 Mod 1 RSPE maintenance has historically been

18
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accomplished by ship’s force and to determine the major reasons for
unscheduled maintenance. Tables 3-9 through 3-14 summarize the available

1. MDS data . The following facts are taken from those data:

• Approximately 25.8 percent of the radar JCNs and 22.2 percent of

I the RSPE JCNs were parts-only transactions.
11

• Approximately 87.4 percent of the radar JCNs with man-hours reported
- - and 83.7 percent of the RSPE JCN5 with man—hours reported were com-

I pleted by ship ’s force in 10 man-hours or less.

IMA transactions constituted approximately 1.4 percent of the radar
- JCNs requiring maintenance and 1.7 percent of the RSPE JCNs requir-

ing maintenance.

• Normal wear and tear was the reported cause of approximately 79.5
percent of the deferred and nondeferred RSPE JCNs.

I . . Approximately 92.9 percent of the nondeferred radar JCNs and 92.6
percent of the nondeferred RSPE JCNs required supply parts for
completion.

Approximately 76.4 percent of the deferred radar JCNs and 45.5
- 

percent of the deferred RSPE JCNs were generated because of a lack

f of material (parts).

• Approximately 82.6 percent of the deferred radar JCNs and 77.9
percent of the deferred RSPE JCNs were completed by ship’s force.

1 . The major conclusion drawn from these MDS data is that ship’s force is
capable of accomplishing most radar set and RSPE repairs without outside

j  - assistance if the needed parts are available. Conversations with ship’s

I 
force personnel further substantiated these findings.

- 3.2.1.4 Ship’s Force Main tenance

• This subsection examines the ship ’s force corrective maintenance
patterns in order to identify equipment deterioration , the reason for the

I high average man—hours per ship operating year reported by the CC—26 Class
1,. ships , and any periodic unscheduled maintenance actions that are applicable

to the entire class.

I Maintenance Patterns

To identify those intracycle periods of increased or rising ship’s

L force corrective maintenance (deterioration of equipment), the MDS number
of reported ship’s force man—hours per quarter after overhaul for each
CG—26 Class ship and for the entire class were examined. The number of
job initiations (JCNs) per quarter after overhaul and the number of radar
set API. parts used per quarter after overhaul were also examined in the
same manner. These data did not show any periodic or constant class

L deterioration of the radar set; but they did show that ship’s force mainte—
- nance patterns were the result of the ship ’s schedule rather than the

condition of the radar set. For every ship in the class, the amount of
maintenance (ship’s force man-hours , JCNs , and API. parts used) increased

C
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Tabl e 3-9. MDS SUMMARY FOR AN/SPG-53A RADAR SET (APL 56995306 )

(Total JCNs — 3, 266 ; Parts—Only Transactions — 841 or 25.8 percent of total JCNS)

~.-~ 1
Man-Hour Distr ibution

Number ofType ~ f JCN 
Sh ip Percentage :f Tranoaction s

Man-Hours with Man-Hour s

Ship ’s (1—4 70.3 1694
Force 5—10 71.1 412
JcNs - 11—25 7.5 181

IMA Percentage of
Tota.L IMA

IMA 
Man-Hours JCNs

JCNs 
0—10 51.4 18
11—20 20.0 7
21—30 20.0 7

Percentage of

Tranaactions with Meported Man-Hours Total .3CNs 
l.083

75 .8

4Total number includes transactions that did not require any man—hours or parts.

Table 3-10. MDS SUMMARY FOR AN/SPG-53A RADAR SET (APL 56995306)
SUMMARY OF NOND EFERRED JCNs

(Total JCN5 — 3 ,266k ; Parts—Only Transactions — 841 or 25.8 percent of Total JON.)

Percentage of
Data Item Total Nonde ferred Number of

JCNs Transactions

Reported Cause

Normal wear and tear 86.7 1448
Unknown 6.8 114
Manufacturer/installation defects 2.4 40
Abnormal environment 1.4 23

When Discovered

Normal operation 45.3 757
During PMS 18.6 310
During inspection 13.8 230 - - -

Lighting Off or starting 12.5 208

Operational Status

Reduced capability 39.9 666
Operational 27.8 465
Nonoperational 26.5 442

Action Taken

Completed with supply parts 92.9  1552
Unknown/other 2.8 46
Completed (no parts used) 1.7 29

Percentag, of

Nondef.rred J~~ g Total JON.

51.1 L670~ j I
Total number includes transactions that did not require any man—hours or parts.

j i
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— table i-li • MDS SUMMARY FOR AN/SPO- S IA RADAR SET (APL 56995306
SUMMARY OF DEfERRED 3(14.

Total 3(14. • ( , )i.t.~ Parts-Only Transaction. — S41 or 25.5 p.rc.nt of Yotal 3(14.)

P. rcentag. of
‘ Nc~~~er ofData It.is Tota l D.f.rt-ed Transact ion.3 1 4 .

Reported cause

Nutma l wee, and t e a ,  ( . 4  479
Un known 2’ .t( 1)5

L ~ N~ nu f m c t ut . ’ t - t t , s t a l t a t & . ’ n  defec ts  4~~ 35
fna. tequat e I n s t I h i t  I oil ( 1  ocedutu •‘ . 5 19

• ()efr’rrai Rea son
Lack of m a t e t i a l  J ,. .4
L~ i k  of fac t  ( I t  u i .  i -spil t l I t L ø e  4 . 3  70
u n known II 39
Wi.,-k heck t.iij op.~ , at on~, I p t ot t y ‘. 2 39

A. ( t o n Taken ( i . h I ( -

Comp leted with •ui’i ly - t i  I i  Cl . 1 SitS
Chth.r f. . 4 48
Coii’q’ let ed In ..  l’ai t s  u sed) 4 . 8  39

Act i i i  Taken UMA )

Comp.leted w i t h  supply ~‘at ts  : 4  18
Coe~.let.d (no ( ‘t i l t s  u.o.d 1. .’ 9

Type A v a t l e I . l l i t ~
-~h i j - , rotc, tl .’ .t ,  t .24
Depot 0 . ‘I N :
Unknown I. . S 49
(MA 2 . 14 21

(‘ercentag. of
Tot al  3CM.

Pe t . - ,  rod tCN ,c 
_______________________________

:4 .1

aTOtC I ntte~,.r tnclud e~ ( iso’s - f con .’ hat  31,1 not ingot  ic  any man—h oci .  .‘t parts.

Tab1. (- i ..  MON NU MMA RN I’tlR ME I MOD I RNI’ E (API. ‘Hh, 4t1 1  I 4 )

t t o t~~ I ‘ i N.’ — 3814’ ; (‘at t .—t l n l y  I i  o - i  1 .10, — itt ‘i 2 (o. , .e,i t  ‘f Total ,‘t ’N .(

— M an— H ot , ;  P1st, ihut ion

M umbe t ofTy pe of .1.’ N Percentage ofShip Tiansact ion.
— Mtin-I ( ou( n Tota l JCWs

w i t h  t4an—Ho,,r,,

r Ship ’ s 0—4 64. 1
Force ~~- lit 19.9 39
.3CM. 11-25 8.9

(MA Percent age of
Tota l  IMA

3(14.
(MA 

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

• .ICNs 0—1 0 4i’ , ct 2
U-Jo 0.0 0

— - .~l- th i  40.0 2

Percentag, of
?ran..ction s with  R.port .d Han-Hour. Total JON. .401’

- -

‘Tota l nuu,5*r include s transact ion s that d id not require any man-hours or part..

-a
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Table 3—13. MDS SUMMARY FOR 14K 1 MOD 1 RSPE (APL 78640113)

SUMMARY OF NONDEFERRED JCNs
* 

j
(Total JCNs — 388*s Parts-Only Transactions - 86 or 22.2 percent of Total JcNs)

Percentage of
Data Item Total Nondeferred Nuther of -

JCN8 Transactions

Reported Cause

Normal wear and tear 87.8 130 •

Unknown 4.1 6
Manufacturer/installation defects 2.7 4
Abnormal environment 2.0 3 -

When Discovered .

Norma l operation 39.2 58 ..

During PMS 2 4 3  36
During inspection 11.5 17 -

Lighting Of f or starting 8.1 12 
-

Operational Status J
Reduced Capability 36.5 54
Operational 18.2 27 -

Nonoperational 41.9 62 J

Action Taken -

Completed with supply parts 92.6 137
Unknown/other 1.4 2
Completed (no parts used) 3.4 5

Percentage of
Total JCNs

Nondeferred JCNs ____________________

38.1 148*

*Tota] number includes transactions that did not require any man—hours or parts . [

Li
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[ Table 3—14. MDS SUMMARY FOR 14K 1 MOD 1 ESPE (APL 78640113)
SUPI4ARY OF DEFERRED JCNs

(Total JCNs - 388* ; Parts—Only Transactions — 86 or 22.2 percent of Total JCN$)

F. Percentage of Nua~er ofData Item Total Deferred Transactions

1. Reported Cause

- 
Normal wear and tear 36.4 56

I Unknown 52.6 81
- 

I .  Manufacturer/installation defects 1.9 3 -‘

Inadequate instruction/procedure 7.1 11

J Deferral Reason

Lack of material 45.5 70
Lack of facilities/capabilities 12.3 19

- I 
- Unknown 10.4 16

1. Work backlog/operational priority 30.5 47

Action Taken (Ship’s Force)

1 Con~ leted with supply parts 30.5 47
4 * Other 18.8 29

- 
Ccs~1eted (no parts used) 24.7 38

Action Taken (IMA )

Co.*~leted with supply parts 1.9 3

I 
-- Cosçleted (no parts used) 1. 3 2 r
I * Type Availability

S - Ship’s Force 77.9 120
I Depot 6.5 11

Unknown 9.7 15
IMA 2.6 4

Percentage of
C Total JCNsDeferred JCNs

39.7 154
0 4Tota3. n*~~er includes transactions that did not require any man—hours or parts.

Li
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before major deployments and before overhauls, and slightly decreased
during major deployments from the average maintenance level for individual
ships. The differences in the individual ship maintenance levels appear
to be caused primarily by nonstandard or sporadic reporting procedures of
a given ship. -

Manning Levels

The CG—26 Class ships reported a much greater number of radar set 
*corrective maintenance man-hours per ship operating year than the other

two classes examined, while the radar Set APL parts comparison and CASREP
experience comparison indicated that the maintenance experiences of the
radar sets were similar (see Subsection 3.2.1.2. Comparative Analysis).
A review of MDS narratives , available SARPs, and PMS requirements again did
not indicate that the CG-26 Class radar set maintenance experience was 1’ 1
different from that of the DDG-37 and FF-1052 Class radar sets. L ~

Conversations with the Manning Control Authority (Navy) personnel
indicated that CG-26 Class ships currently have an NMP allowance of 11 Fire
Control Technicians, Guns (FTG) and that the DDG-37 Class and the FF—1052

— Class ships currently have NMP allowances of nine and seven P’rGs, respec- - 
-

tively. Although NMP allowances change continually because of Type Corn-
manders ’ requirements , equipment changes , and rate criticality, it can be
assumed that CG-26 Class ships have always had a greater NMP allowance for
FTGs than DDG-37 and FF— 1052 Class ships. It is also assumed that PI4S is
always completed and that all critical equipment failures (failures causing
CASREP) are repaired as soon as possible on all three ship classes examined.
Comparative analysis has shown that the parts replacement histories and the
equipment failure experiences for these three ship classes are simi1ar~
that is, the same types of repairs are being accomplished. Therefore, it
is concluded that the CG-26 Class ships are performing more of the non-
critical repairs (needed repairs that would not immediately or would never
cause a CASREP if left undone, e .g . ,  minor repairs such as equipment ..

alignments or collimation, or repairs to monitoring or backup equipment)
than the DDG—37 and the FF-l052 Class ships because these ships have more
personnel. In other words, the greater number of average man-hours per
ship operating year reported for the CG-26 Class radar sets does not
necessarily indicate a difference in the CG—26 Class radar set maintenance
experience. It is therefore concluded that there are no radar set mainte— - -

nance actions that are unique to the CG-26 Class ships. The CG—26 Class
radar set technicians are performing more of the same types of maintenance
that are being performed on the DDG-37 Class and the FF—l052 Class ships;
hence, CG-26 Class ships are reporting more man—hours per ship operating
year than the other classes examined.

3.2.1.5 IMA Maintenance

The MDS narratives for the deferred radar actions requiring outside
assistance for completion were examined to identify any maintenance prob—

- lems that would regularly require an intermediate maintenance activity.
The calibration of test equipment and the lack of test equipment were the

Li
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only deferred actions reported more than once against the radar. The
principal problem associated with the electronic test equipment is not

- 1. having access to a calibration or repair facility when one is needed.

i- The calibration and repair of test equipment will be addressed in the
- 

~ C 
recently initiated Metrology Automated System for Uniform Recall and
Reporting (MEASURE) Program. This data processing program is designed to
provide participating activities with a standardized system for the recall
and scheduling of Test, Measurement, and Diagnostic Equipment (TMDE) into

• calibration facilities, and documentation of the data pertaining to cali— 
—

bration and repair actions performed by these facilities. All of the CG—26
* Class ships will have implemented MEASURE before entering DDEOC.

CG—26 Class differences in the IMA maintenance experience could not
- be verified, because the IMA transactions with reported causes (narratives)

-. j other than those mentioned above were few and random in nature.

- 
3.2.1.6 Depot-Level Maintenance

- One CG-26 Class ship (CG-30) has been operational for more than five
years between overhauls. When the radar set maintenance level (ship’s
force man-hours reported , JCNs initiated , and APL parts used per-quarter
after overhaul) for this ship was examined , it was evident that the amount
of radar set maintenance accomplished each year after overhaul did not
change significantly over the data period observed; in other words , equip—
ment deterioration was not evident (also see Maintenance Patterns portion

- of Subsection 3.2.1.4).

A review of the CG-26 Class SARP Summary showed that four of five ship
I - AN/SPG-53A Radar Sets (include s Mk 1 Mod 1 RSPE) have received a Class B

overhaul (including exchange of installed scanner assembly), at an average
- labor expenditure of 253 shipyard man-days and an average cost of $8 , 340.

(CG—30 received a Class B overhaul prior to the MDS data period examined.)

In sununary, it can be assured that the AN/SPG-53A Radar Set will
operate through the intracycle if a Class B overhaul is accomplished during

- BOB and subsequent ROBs , the regular PMS is accontplished.and the appropriate
corrective maintenance is performed when required.

[ It is recommended that a Class B overhaul of the AN/SPG—53F Radar Set
be accomplished during BOB on all CG-26 Class ships receiving the Mk 68 Mod

, • 16 GFCS during BOB (CG-26 , -27, -28, -30, -32, and -33), and that a Class B

I overhaul of the AN/SPG-53F Radar Set and Mk 1 Mod 1 RSPE (including exchange
of the installed antenna with a refurbished unit) be accomplished during

- 
BOB on al] CG—26 Class ships receiving the Mk 68 Mod 16 GFS during a sub—

~ I sequent ROB (CG—29 , —31 , and -34). (See Radar Set Background Subsection
- - L 3.2.1.1, for recommendation differences.) It is also recommended that all

CG—26 Class ship AN/SPG—53F Radar Sets receive a Class B overhaul during
each subsequent ROB.
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M~~ Evaluati on

The current applicable maintenance inde x pages (NIPs ) for the AN,SPG—
53A Radar S.t and the AN/SPG-53F Radar Set were reviewed and compared.
Three semi annual PMS require ments were found in the MIPs for the AN/SPG-
53F Radar Set that require collimation tower facilities (NIP G—139/ 5—7 8) .
These requi rements are shown in Table 3-15 . It is therefore re co~~~ nded
that the PMS requirements addressed in Table 3-15 be incorporate d in the
CG—26 Class CI4P as items to be accomplished semiannually in accordan ce
with MRCs S—4R 5R , an d 6 R  (NIP G-139/5-78) .

Review of the MIP for the Mk 1 Mod 1 RSPE did not reveal any require-
ments for outside assistan ce . When the RSPE is re moved and the solid-state
video processor is installed (Mod 16 GFC S) , the amount of PMS required will
be reduce d by approximate ly 80 man-hours per year . It is also expected
that the corrective maintenance burde n will be reduced because of the pro-
cessor ’ s solid-state design and greate r accessibility .

Table 3-15. PMS REQUIRING OUTSIDE ASSISTANCE
(MIP s G— 139/5—78 )

Period ic.ity Task DescriptionRequirement —

S-4R 6 months Test AEI alignment and adjust if
necessary .
Note : To be accomplished by using -

collimation towe r ~acilit i...

S-5R 6 months Veri f y the BEACON operation.
Note : To be accomplished by using

collimation tower facilities .

S-6R 6 months Check RADAR-OPTICA L alignment and
adjust if necessary.
Note : To be accomplished by using

collimation tower facilities .

3 .2 .1 .7  Maintainabilit y Improvements

Fleet personnel rep orte d that the new AN/SPG—53F Radar Set, Mk 154
Digital Ran ge Compute r (installed by Ord klt 6894) had an overheating prob—
1cm. Since a ci rculating fan and the range compute r are complete ly
enclosed , only heated air was being circulated within the unit (Unit 6) .
Ship ’s force personne l reported that this problem could be alleviated by
operating Unit 6 with the console doors open.

-H
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NAVSEA 0432 technical personnel have indicated that this problem is
F being evaluated. Therefore , it is recommende d that the evaluation of
Is extreme temperatures in Unit 6 (Digital Range Computer) be completed and

an OrdAlt be designed that will allow cooling air to &‘ circulated over
the Mk 154 Digital Range Computer.

‘C

3.2.1.8 Recommendations

- This section presents both DDEOC and maintenance-policy recommendations
• resulting from this analysis of the AN/SPG-53A/F Radar Set and the Mk 1

Mod 1 R3PE.

I The e~icisting maintenance strategy of performing the preventive mainte-
nance prescribed by PMS and “run to failure” is considered adequate to

• support the AN/SPG-53F Radar th rough the extended operating cycle.

• The DDEQC recommendations are as follows:

Baseline Overhaul Requirements

Accomplish Class B overhaul of the AN/SPG-53F Radar Set on all
- CG-26 Class ships receiving the Mk 68 Mod 16 GFCS (CG—26 , -27I -28, —30. —32 , arid —33)

Accomplish Class B overhaul of the AN/SPG-53F Radar Set and
• the Mk 1 Mod 1 RSPE and exchange antennas with refurbished
-~ units on all CG-26 Class ships receiving the 14k 68 Mod 16
• GFCS during a subsequent ROIi (CG-29 , —3], and -34). Note :

The DDEOC Repair Requirements ‘or BOH (CG-26 Class) dated
August 1977 concurs with the basic BOB recommendation to
accomplish a Class B overhaul of the AN/SPG-53F Radar Set.
However , the repair requirements do not take into account the
CG-26 Class BOH configuration differences. It is recommended

- 
that the DDEOC Repair Requirements for BOIl (CG-26 Class) be
adjusted to reflect this difference as stated above.

I 
• Intracycle Maintenance

I. •~ Accomplish the existing PMS requirements for the AN/SPG-53F
Radar Set (and the 14k 1 Mod 1 RSPE , when applicable) on all

f - C—26 Class ships.

Include an engineered task in the CG—26 Class CMP for ship’s
force and the depot to test AEI alignment and adjust if

L necessary every cix months in accordance with MRC S-4R , NIP
G—l39/5-78. Note: Collimation tower facilities will be
needed.

Include an engineered task in the CG—26 Class CMP for ship’s
force and the depot to verify BEACON operation every six months
in accordance with NRC S-5R, MIP G-139/5-78. Note: Collimation

E tower facilities will be needed.

Include an engineered task in the CG—26 Class C~4P for ship’s
force and the depot to check RADAR-OPTICAL alignment and

I
I 
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adjust if necessary every six months in accordance with NRC
S—6R, MIP G-139/5-78. Note: Collimation tower facilities will
be needed.

• Follow-On ROH Requirements - Include an engineered task in the
CG-26 Class CMP for the depot to accomplish Class B overhaul of
the AN/SPG-53F Radar Set.

• Recoemended PMS Changes - None.

• Recommended Logistic Support Improvements - None .

• Recommended Reliability and Maintainability Improvements - Complete
evaluation of extreme temperatures in Unit 6G and design an OrdA].t
that will allow cooling air to be circulated over the 14k 154
Digital Range Computer.

3.2.2 14k 47 Mod 9 Computer (APL 49402033) and 14k 116 Mod 4 Ballistics
Computer (APL 49402034)

3.2.2.1 Background

The 14k 17 Mod 9 Computer is an analog device used to generate gun and
fuze-setting orders for 5—inch , 54—caliber gun mounts. Its computations

$ are supplemented by the Mk 116 Mod 4 Ballistics Computer, which either
provides gun orders for 3-inch , 50-caliber gun mounts (to be removed during
BOB ) or provides star shell gun and fuze-setting orders for 5-inch , 54-
caliber gun mounts. In this Leport , the Mk 47 Mod 9 Computer and the 14k
116 Mod 4 Ballistic Computer are discussed as one computer (the 14k 47 Mod
9 Computer) because of their close functional and physical relationship and
the similarity of their MDS data. (Most Mk 116 Mod 4 computer data were
reported under the APL for the 14k 47 Mod 9 Computer.) Where the available
data show that there is a difference in the maintenance experience of the
two computers , they are addressed separately.

When the 14k 68 Mod 8 GFCS is modified to a 14k 68 Mod 16 GFCS, these
analog computers will be replaced by the digital 14k 160 Mod 1 Gun Computer
System (see Table 3-4). This new digital computer system will include an
AN/UYK—20(V) Data Processing Set, a 14k 167 Mod 1 Computer Set Control, an
RD-358(V)/UYK Digital Magnetic Tape Recorder-Reproducer, and an AN/UGC-79
Teletypewriter Set.

To date, the 14k 160 Gun Computer System has been installed on only
two U.S. ships (DDG-2 USS ADAMS (test ship -— no longer installed) and CG—
26 tJSS BELXNAP). Although the cognizant technical codes report that the
new digital gun computer system will be easier to maintain and will requi re
fewer corrective maintenance man—hours than the analog (14k 47 and Mk 116
Computers ) system , the lack of sufficient maintenance data for the Mk 160
Gun Computer System prohibits a quantitative analysis. Therefore , no
reccimnendations are made in this subsection for those CG-26 Class ships
which will receive the 14k 68 Mod 16 GFCS during BOH (CG-26 , -27, —28, —30,

- —32 , and — 3 3 ) .
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L The following subsections review the maintenance experience for the
14k 47 and 14k 116 computers; appropriate recommendations are made for CG—26
Class ships that will retain the present 14k 68 GFCS configuration until
the first ROB after BOB (CG—29, —31 , and —34 ) .

- 1. 3.2.2.2 Comparative Analysis

r A comparative analysis was not performed for the CG-26 Class 14k 47

4,  computer because of the basic differences in the 14k 47 Computers among the
three ship classes being considered. Table 3—16 summarizes three basic
differences for the CG-26, DDG—37, and FF-1052 Class 14k 47 Computers.

C

j Tabl e 3-16. Ml( 47 COMPUTER DIFFERENCES (CG—26 , DDG-37 AND
• FF-1052 CLASS)

- 

Solid-State 14k 116 14k 155
• 

Ship POt 4~ APL 1’ype Components Computer Computer

- 

Class Mod computer Installed Installed Installed

I . DDG-37 7 49400808 Analog No Yes Yes

CG-26 9 49402033 Analog Yes Yes No

fF—1052 10/11 49402526 Analog Yes No No
I ~ 49402700

I.
As shown in Table 3-16, the 14k 47 Mod 7 Computers do not have solid—

state components and have a 14k 155 Ballistics Computer installed. Although ¶

the 14k 47 Nods 10/11 Computers are functionally very similar to the 14k 47
Mod 9 Computers , an APL comparison showed that less than 25 percent of the
14k 47 Mod 10/11 parts were commort to the Bk 47 Mod 9 Computer. Therefore,
comparisons of 14k 47 Computer per formance across these three ship classes
was deemed inappropriate.

- 3.2.2.3 MDS Data Summary

* Available MDS data were examined for the following purposes:

Ed 
• To identify the corrective maintenance practices

• To determine the primary reasons for unscheduled maintenance

L • To identify the historical participation of the different  mainte-
- nan ce activities

Tables 3-17, 3-18, and 3-19 stamearize the available 14k 47 Computer

- 
NDS data. The following are the ~i.~~!jght~ of those tables:

• Approximately 82.9 percent of the computer JCNs with reported

E man-hours were comp leted by ship ’ s force in 10 man-hours or less.

29
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Table 3-17 . MDS SUMMARY FOR TttX MX 47 18)1) 9 C~~IPUTER
(APL 49402033 MID 49402034)

(Tot~ 1 2CN$ - 1,428’ , Pa r t s-cYily Trans action s — 342 or 23.9 percent of Total 3CN$)

Man-Hour Distribution

Numbe r ofof . Percantage ofShip Tran saction * - -
Man-Hours Total 2CN$

w i t h  Man-Hou rs

0—4 68.9 747
- 5— l u  13.9 151

Sh i1 11— 25 7.9 86
26—40 2 .8  30
4 1 — S )  1.0 11

~‘1 or more 4 . 2  45

Percentage of
Total INAMan- ((ours

IMA JCNS

38.5 5
( 8 , 5 5

41 ~ 23 .0 3

Pe r centage of

Transact ions  w i t h  Re 1-~- , t , ~ ) M a n -H o u r s  To ta l  JCN s

Th. 8 1 083.

Total n imbe r includes  t ransa~~t i o n- . that d i d  not re quire any man -hours or pa rts.

rah~.- ‘-li( . 18)5 SU MMARY FOR THE P4K 4 185) -) COMPUTER
(AP I. s 4” 4u2 I P ANO 4-P 4 u ~ u (4 )

(T ota l  2CN$ • 1.428 ’ , P a r t s - O n l y  T r a n s a ot i~ ’ns • 342 ot . L 9  pe r cent of Total 3CN$) r

Percentage of N umbe r ofData I t em Tot a l Non deferre d
JCNS 

Transactions

Reported ca- -~- -

Norma l Wear and 1~ -~,r 84. 7 587
Unknown io.~ 73
Inad equate Ins t ruc tion/Pr ocedure  1. 0 13
Manufactur.r/tnstallation Defects 1.3 9

Whet, Discovered

No r ma l O p er a t io n  34 .9  242
During PMS 186
During ~~~~~~~ ‘ - n  16. 9 117

~~.ra t ion Status

Reduced ~~i - a b i l t t y  44.6 309
Operat ional 3 2 . 6  226
Non—Operational 15.4 107

Acti on Taken

Co~~let.d with S~~ply Parts 86.9 602
Co.ç,let.d (No Parts Used) 7 .1 49
Unknown/Other 4.6 32

Percsntaq. of

Nondsferrsd JCN a Total 3CNs

48. 5 693

‘Tota l N,~~~,r include. tran saction s that d id not require any man-hours or parts.

L I  
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~ T Tabi. 3-29. MDS SLSI4ARY FOR THE 14K 47 ~e~D 9 COMPUTER(APLs 49402033 AND 49402034)

- - SWS4ARY OF DEFERRED JCNs

(Total JCNs - 1,428* ; Parts—Only Transactions 342 or 23.9 percent of Total JCN5)
I. __________________________________ __________________ _______________

Percentag. of —

- T Data Item Total Nondeferred Number of
- 

~Cl~ 
Transactions

- ‘a _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ________

~~port.d Cause

J 
Normal Wear and Tear 71.1 268

- - 
Unknown 20.7 78
Manufacturer/Installation Defects 3.2 12

- J - De ferral ~~ason
1.

- Lack of Material 64.2 242
- Work Backlog/Operational Priority 12.7 48

- 
Unknown 11.1 42

L • Lack of Facilities/Capabilities 10.1 38

- Action Taken (Ship’s Force )

- . Cos~~leted with Supply Parts 64.7 244
Col~~leted (No Parts Used) 3.9 15

I Action Taken (IMA)

Co~~leted with Supply Parts 1.6 6
• Co~~l.ted (No Parts Used) 1.6 6

- 4 Type Availability
Ship ’s Force 68.4 258

I ~ Depot 18.6 70

~ I Unknown 11.4 43
114?. 1.1 4

- 

I 
- Percentage of

LI, Deferred JCNs Total JCNs

1~ 
26.4 377*

*Total number includes transactions that did not require any man-hours or parts.

II
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• Approximately 5.2 percent of the JCNs with reported man-hours
required 41 or more ship’s force man—hour s before completion. - 

-

• Approximately 1.2 percent of all the transactions with reported
man-hours were IMA transactions.

• Normal wear and tear was the reported cause of approximately 79.9
percent of the deferred and nondeferred computer transactions. - 

-

• Approximately 86.9 percent of the nondeferred computer JCNs required I -

supply parts for completion.
- Approximately 64.2 percent of the deferred computer JCNs were

generated because of lack of material (parts).

• Approximately 68.4 percent of the deferred computer JCNs were
completed by ship ’s force, and approximately 18.6 percent of the
deferred computer JCNs were completed by a depot.

It is evident from this MDS data summary that ship’s force can accom-
pu sh most computer repairs without outside assistance if the needed parts
are available , and that very little assistance is required from the XMAs.

3.2.2.4 Deferred Action Review

The MDS narratives that reported IMA man-hours were reviewed to sub-
stantiate the findings of the MDS sunt...ry, Subsection 3.2.2.2. Ten of the

F 13 IMA transactions did not identify what work was actually completed by
the IMA . All 10 of these IMA transactions originated in F? 1970 or 1971.
The three remaining IMA transactions were unrelated and judged to be
insignificant because of the relatively small number of combined man—hours
reported. Therefore, even though the actual cause of most of the computer
IMA transactions is unknown , it appears that the problem or need no longer
exists.

Narratives for deferred actions generated because of a lack of facil—
ities or capabilities were also reviewed. The item requested most often
was the Class B overhaul to the Mk 47 and the Mk 116 Computers (accomplished
by depot). The only other request made by more than one CG-26 Class ship
(in this case, four) was to repair the computer pateL cables. The narra—
tives indicated that ship ’s force personnel usually either repaired the
cables themselves or purchased new cables.

Ship’s force personnel reported that these computer test cables’
electrical connectors and guide pins are easily damaged and bent. Since
these cables are expensive ($237 to $1,980) and chargeable to the ship’s
operating funds, the technicians often spend a few hours repairing the
cables or simply do without them when they are no longer considered
repairable, rather than procure new ones. As a result, some ships do not
have a complete allowance of test cables for computer maintenance.

Computer parts considered to be significant in terms of their ratio
of replacements to total population and their individual cost (greater
than $500) are summarized in Appendix C. This appendix shows that only 
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- one third of the CG-26 Class ships replaced these test cables (Cable
Assemblies) during the MDS data period , again probably because of their
prohibitive cost.

The lack of these test cables would help explain why sone ships report
I - an inordinate number of man—hours to accomplish relatively simple repairs

(see Table 3-17, Man-Hour Distribution). The MD~. narratives for trans-
actions that required more than 40 man-hours to co~~lete indicated that a
great number of those man-hours were spent trying to identify the specific
module or part causing the problem. Proper use of a cunipl ~ te ~ot of test
cables could considerabl y reduce this troubleshooting time. There fore ,
it is recommended that the three CG—26 Class ships (CG-29 , —31 , and — 34 )
be surveyed and , if necessary, provided a complete set of test cables at

- 
no cost to the ship during BOH (AELs 49402284 PA - Compute r Mk 116 Mod 4( Accessories, and 49402284SA - Computer Mk Mod Accessories).

3.2.2.5 Parts Usage Review

A review of the significant parts used for the computer indicated that
there was no single part or group of parts causing the majority of computer

- repairs. Not one significant computer part has an average interval between
replacements (Total Class Operating Time/Number of Parts Replaced) of less
than three years (see Appendix C). Although the majority of the signifi-
cant parts shown in Appendix C are not carried as on—board spare parts ,
no part is expected to present a problem during the extended operating

- 
cycle. Therefore, no specific parts-related recommendations are made in
this subsection.

3.2.2.6 CASREP/MRC Evaluation

- The available computer CASREP data (Table 3-20) show that no single
part or part classification caused a majority of the reported CASREPs.

I . The type of failure reported most of ten , approximately 42 percent of the
Mk 47 Mod 9 Computer CASREPs, was that gears would either bind or shear.

- MOTU and NAVSEA technical personnel reported that the primary cause of gear
L -. failure is improper or inadequate lubrication. A review of the current PMS

requirements for the Mk 47 Mod 9 Computer found that there is one cyclic
- requirement to clean , inspect, and lubricate the computer. The number of

gear—related CASREPs might be reduced if the periodicity of this MRC were
increased. (NOTE : a DDEOC cycle is five years versus the standard three
years.) Therefore, to increase the equipment availability , it is recoin-
mended that MIP G-l26/2-48, MRC C-l be changed to an annual requirement

• LA- ( ) ) .

The review of the applicable MIPs for the 14k 47 Mod 9 Computer and
the Mk 116 Mod 4 Computer did not identify any requirements that would

- necessitate outside assistance.

3.2.2.7 Maintenance Patterns

The computer maintenance level for each CG—26 Class ship and for the
entire class was examined by observing the patterns and trends of the

-
~~~~~~~ ~~~~- ~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Tabl e 3-20. CASREP SUMMARY FOR MX 47 MOD 9 COMPUTER AND
MX 116 MOD 4 COMPUTE R

Number of
Number of • -

Component Type Ships
Reported

Computer 14k 47 Mod 9 (APL 49402033)

Potentiometers 4 6

— 
Gearing 5 11 )

Timing Motor 3 3

Resolvers 1 1

Synchros 1 1

Power Supply 1 1

Transformers 1 1

Clutches 1 1

Other 1 1

Total 26

Computer 14k 116 Mod 4 (APL 49402034)

Resolvers 1 2

Amplifiers 2 2

Other 1 1

Total S

CASREP Data Period = 1/1/72 through 9/1/78
Class Ship Operating Years (SOY) During Data Period = 53.0
Class CASREPs Per SOY 0.58

reported MDS ship ’s force man-hours , job initiations (JCNs) and number of
computer APL parts used per quarter after overhaul. The average maintenance
level frr each CG-26 Class ship varied , but generally the class maintenance
level for the computers increased slightly as time out of overhaul increased.
This indicates a very slow deterioration of the equipment as a function of
time .

One CG-26 Class ship (CG-30) has been operational for more than five J
years between overhauls. When the computer maintenance level (ship’s force
man-hours, JCNS, APL parts used) for this ship was examined, it was evident I ~
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I - that the amount of reported computer maintenance did not increase signi fi-
1. cantly (less than 10 percent increase) over the data period observed.

Therefore , the computers will operate through the DDEOC intracycle without
significant increase in the required ship’s force maintenance if the

1 scheduled PMS is accomplished and corrective maintenance is performed as
needed.

I The average number of ship’s force corrective maintenance man—hours
• reported per quarter af ter  overhaul was 30.0 man—hours. Since this mainte—

nance level is expected to continue through the DDEOC intracycle, it is
- recommended that a qualified task be included in the Class Maintenance Plan
) for ship’s force to accomplish the Class C zepairs needed to keep the Mk 47

and 14k 116 Computers operational each quarter after overhaul.

3.2.2.8 Depot-Level Maintenance

A review of the available cG-26 Class SARPS showed that four of five
ship computers (Mk 47 and 14k 116 Computers) had received a Class B overhaul,

~~~~ 

. requiring an average of 473 shipyard man-days , for an average cost of
$29,596 (CG-30 Computer received Class B overhaul).

1 3.2.2.9 Conclusion

It is concluded that the 14k 47 and 14k 116 Computers are capable of

I operating through the DDEOC intracycle if a Class B overhaul is accomplished
- during BOH, the scheduled PMS is accomplished , and the appropr iate correc-

tive maintenance is performed when required.

1 - 
This conclusion is in agreement with the DDEOC Repair Requirements

for BOH (CG-26 Class); however, the Repair Requirements should be adjusted
• to show that this conclusion is applicable only to three CG—26 Class ships

(CG-29 , —31 , and -34) since the Mk 47 and 14k 116 Computers will be removed
- from the other ships of the class.

Ja 3.2.2.10 Recommendations

This subsection presents the DDEOC and maintenance-policy recoamienda—
tions resulting from the analysis of the 14k 47 Mod 9 Computer and the Mk

1. 116 Mod 4 Computer.

The existing maintenance strategy of performing the preventive mainte-
nance prescribed by PMS and performing the appropriate corrective mainte-
nance when requi red is adequate to support the 14k 47 and 14k 116 Computers
through DDEOC.

- 

The DDEOC recommendations are as follows:

[ • Baseline Overhaul Requirements - Accomplish Class B overhaul of the
14k 47 Mod 9 Computer and the 14k 116 Mod 4 Computer for CG-29,
CG-3l, and CG-34.

_ _ _ _

_- - - 

_ _  

_ _  

~~~~~~~- ____ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~



, .  
- - —_ 

~~~~~~~~~~~~~~~~ 
-

— 
-
~~
-

~~~~~~~~~ --~~
-— 

~~~ 
-

• Intracycle Maintenance Requirements - Include a qualified CM? task
for ship’s force to accomplish the Class C repairs required to keep
the 14k 47 and 14k 116 Computers operational each quarter after
overhaul (CG-29, -31, and -34) .

• Follow-On I~)H Requirements - None .
• Recommended PMS Changes - Change the periodicity of MI? G—126/2-48,

NRC C—I. to an annual requirement (A- ( ) ) .

• Recommended Logistic Support Improvements - None . Li
• Recommended Reliability and Maintainability Improvements - Survey

CG—29, CG—3l, and CG—34 computer test cables (AELs 49402284PA and
49402284SA) and, if necessary, provide a complete set of test cables - -~
at no cost to the ship during BOH.

I
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I CHAPTER FOUR -

J 
- CONCLUSIONS AND RECOMMENDATIONS

I

;

- 
This chapter summarizes the conclusions ond recommendations resulting

from the Review of Experience for the CG-26 Class Gun Fire Control Systems.

I 
- 4.1 CONCLUSIONS

• 
The following significant conclusions resulted from this ~~E:

I - Electronic systems and components do not exhibit any regular failure
- . pattern ; that is , the probability of failure is the same at any

given time . Therefore , no benefit is derived f rom periodic replace—
I 

- 
ment of electronic components. and such replacement is not
recommended.

• The existing maintenance strategy of performing the preventive
I - maintenance prescribed by PMS and “run to failure” is adequate to
I .  support the AN/SPG-53A , F Radar Set and the 14k 47 Mod 9 Computer

through an extended operating cycle.

[ The 14k 68 Gun Fire Control System equipments installed aboard CG—
• 26 Class ships exhibited maintenance burden patterns similar to

those of comparable equipments installed aboard DDG—37 and FF-l052
Class ships.

• Ship’s force personnel, with very little outside assistance (IMA
or depot), have the capability to perform most major maintenance
actions to the AN/SPG-53A/F Radar Set and the 14k 47 Mod 9 Computer.

-~~ 4.2 RECOMMENDATIONS

Recommendations for corrective action and improvement of Gun Fire
Control Systems’ equipment maintenance are grouped as follows:

- 
• Baseline Overhaul Requi rements

• Intracy cle Requirements[ • Follow-On Regular Overhaul Requirements

• Reliability and Maintainability Improvements

C
1 “

-
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• PME Changes

• Integrated Logistics Support Improvements
• Industrial Facility Improvements 

- 
-

-

IMA Improvements

Table 4-1 summarizes the recommendations that resulted from the Gun
Fire Control Systems ’ analysis.

38 4



Tab1e 4-1. SUMMARY OF J5)E RECOMMENDATIONS

RecO tL On Component 
- 

Recor.*endation

- 
Baseline Overhaul Requirements

1 AN/SPG—53F ASdar Set Perform Class B overhaul of the AN/SPG—53F 3.2.1.6
7 Radar Set on all CG—26 Class ships receiv-

ing the Ml 68 Mod 16 GFCS (CG—26 , -27 , —28 ,
—30 . —32 . —33 ) . -

2 AN/SPG—53F Radar Set Perform Class B overhaul of the AN/SPG-53F 3.2.1.6
and Ml 1 Mod 1 RSPE Radar Set and the Ml 1 Mod 1 RSPE and

exchange antenna with a refurbished unit
on all CG—26 Class ships receiving the
Ml 68 Mod 16 GFCS during a subsequent ~ )H
(CG—29 , —31 , — 3 4 ) .

3 Ml 47 Nod 9 Computer Perfo rm Class B overhaul of the Ml 47  3.2.2. 8
and Ml 116 Mod 4 Mod 9 Computer and the Ml 116 Mod 4 Corn-
Computer 

- 
puter for CG—29 , -31, and —34. 

_________

Intracycle Requirements

4 AN/ SP G—53F Radar Set Accomplish the existing PMS requirements 3.2.1.6
for the AN/SPG—53F Radar Set (and the
Ml I Mod 1 RSPE. when applicable) on all
CG—26 Class ships .

S AI4/SPG—S3F Radar Set Test REX alignment end adjust if necessary 3.2.1.6
every six months in accordance with NRC

- U s-4R, NIP 0—139 /5—78 .
ISDTE: Collimation tower facilities needed.

-; 6 AN/SPG—53F Radar Set Verify BEACON operation c-ve ry six months 3.2.1.6
in accordance with NRC S—S R . NIP 0—139/
5-76.
NOlt : Collimation tower facilities needed.

7 AN/SPG—53F Radar Set Check RADAR-OPTICAL. alignment and adjust 3.2.L6
if necessary every six months in accord-
ance with NRC S—6R , NIP 0—139/5—78 .
NO’TE : Collimation tower facilities needed.

S Ml 47 Mod 9 Computer Perform the Class C repairs required to 3.2.2. 7
and Ml 116 Mod 4 Corn- keep the Ml 47 Mod 9 Computer and the
puter Ph 116 Mod 4 Computer operational (CG—29 ,

_______________ _______________________ 
—31 , and — 3 4 ) .  

__________

Follow—On ~MI Requirements

9 AN/SPG—53F Radar Set Perform Class B overhaul of the AN/SPG- 3.2.1.6
______________ ____________________ 53F Radar Set on all CG—26 Class ships. ——

Reliability and Maintainability I~~rovements

10 AN/SPG—53F Radar Set Complete ev.Iuation of extreme tempera— 3.2.1. 7
tures in Unit 60 and design an Ordklt which

- t .  will allow cooling air to be circulated
over the Phi 154 Digital Range Computer.

11 Ml 47 Mod 9 Computer Survey CG-29, —31 , and -34 compute r test 3.2.2.3
cables (ASIa 494022R4 PA and 49402284 SM
and , if necessary, provide a complete set
of test cables at no cost to the ship

___________________ during DOH. ________

P~~~Cbanges

U 12 Ml 47 Mod 9 Compute r [ Chang. the periodicity of NIP 0-126/2—40 , 3.2 .2 .6
I P~~~ C—l to an annual requirement (A— ( ) ) .

Integr ate s Logistics Support Improvewenta - None

Industrial Facility Improvement. - None

INA Improvements — None

‘ U
~ L1 -
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SOURCES OF INFORMATION

The following selected references were used as the basis for the

I Review of Experience of the Gun Fire Control System.
I c

1. Generation IV MDS narrative and parts usage data for the CG—26 Class

1~ 
ships, 1 January 1970 through 31 December 1977.

• 2. CASREPs for the CG—26 Class, 1 January 1972 through 31 August 1977.

1 3. The following technical manuals:
• a) NAVWEPS OP 2649, Volume 1, Gun Fire Control System Mk 68 Nods 3,

4 , 6 , and 8 , Description and Operation .

I b) NAVORD OP 2782, Volume 1, Radar Set AN/SPG-53A, Description,
Operation , and Maintenance .

c) NAVORD OP 2782, Supplement 2, Volume 1, Radar Signal Processing
Equipment Mk 1 Mod 1 , Description, Operation , and Maintenance .

d) NAVORD OP 3193, Volume 1, Computer Mk 47 Nod 9, Description and

I 
- Operation .

4. Ship’s Equipment Configuration Accounting System (SECAS) Reports dated
- 26 November 1975.

5. Maintenance Index Pages and Maintenance Requirement Cards for the Mk
68 Mod 8, All G?CS and components.

1. 6. CG-26 Class Repair Profile, dated October 1975 , prepared by PERA
(CRUDES) .

L 7. DDEOC Repair Requirements f o r  Boll , CG-2b Class dated July 1977.

8. Mechanized Depart ure Reports f o r  CG-26 Class Ships, various dates.

9. ShipAlt briefs and SAMIS data for Mk 68 GFCS alterations, various dates.

10. Trip Report dated 2]. May 1979 ; ARINC Research Corporation visit to
-- - USS WAINWRIGHT (CG-28).

2.1. Navy Management data List (MMDL), dated January 1979.
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a
12. Type Cownander’s COSAL/SNSL SURFLANT 8 SURFPAC, dated 28 February T1977 and 21 August 1977, respectively. 1

13. Allowance Parts List (APLs ) for selected components of the CG—26
Class Ilk 68 Gun Fire Control System. -

14. OPNAVINST 4790.4, Material Maintenance Management (3M) Manual , Vol~mies
I and II , June 1973.

15. SARPs for CG—26 Class ships (CG—27, —28, —29, —30, —31, —32, and —33).

16. Index of Alterations to Ordnance (Less Aviation), NAVSEA OrdAlt 00,
dated 15 October 1978.

17. Equipment Identification Code (EIC) Master Index, MSOD 4790.E2579,
dated 21 March 1978.

18. Fleet Modernization Program , Ordnance Improvement Plan (OIP) f or Fiscal
Year 79, dated 4 February 1977.

19. ShipAlt Inf ormation Manual , CG-26 Class , dated September 1978.

20. System Maintenance Analysis, FF- l052 Class Mk 68 Gun Fi re Control
System, ARINC Research Publication 1646—03—4—1585, March 1977.

21. System Maintenance Analysis, DDG-37 Class Mk 68 Gun Fire Control
System, ARINC Research Publication 1652—03—1807, September 1978.

22. Contact Reports: 
ij]

• 5 February 1979 and 6 March 1979, phonecon to NAVSEA 934X. 
-

• 5 February 1979 and 10 April 1979, phonecon to NAVSEA 04322, Gun
Systems Maintenance Section

• 15 May 1979, Phonecon to the Manning Control Authority, Silver 
-

Spring, Maryland. J]
ft
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APPENDIX A

SWAB 481 PICTORIAL BLOCK DIAGRAM

IL’
Figure A-i is a block diagram of the major SWAB 481 (Gun Fire Control

System) components showing the main flow of system data among these components
and other SWABs.
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( APPENDIX B

C MDS SUMMARY OF SELECTED SWAB 481 CX)MPONENTS

— 
LI

L
- - This appendix summarizes MDS data for APLs that contributed most

significantly to the SWAB 481 maintenance burden. Individual SWAB 481
APLs not shown contributed less than eight Average Man-Hours per Component

- 
Operating Year to the total SWAB 48]. maintenance burden.
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APPENDIX C -

- MDS PARTS USAGE SUMMARYI_ l i
This appendix summarizes usage data on significant part replacements

- in the high-burden system components of the )~ 68 Gun Fire Control System.j Only those parts considered significant in terms of their ratio of replace-
ments to total part population or their individual cost are presented. 1 

-
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SN-9660—00—575-1k52 hlac t ro n ‘t ub. 63.66 4 36 44 122.2 63/60 5 —

- 2,)-1293-00—563 6976 botenna , lad*r 6660.00 * 9 52 577. 5 1~ 9
~9Il-’5960—00-61S-4309 b.93~on4uctor 0.00.. 1. 15 3 27 233 937 .0 30 9

- 99—3610-00—617-404 1 CSpsclto;, n o.4 3.55 1 9 26 299.9 c(66)12 S
• . 99—5960- 00-617-6097 had ron Tub. 1.92 26 334 3)6 1)5.0 41/4c 9

~SJ 5943 Q0 444 7*13 Slay , Polo, Drtv9n 111.57 1 9 9 100,0 1(30) 1 S
6P.-5960-00—949-6l5S Po*tCO~4uetor 0.101.. 2 .83 2 19 21 116.7 br/SC S

• MN—3140— 00—703-1675 Noard , Prlnt.d CIrcuIt 593.00 1 9 74 632 .2 (3N) 9

I IN—3 010—0O- 703—1651 Clutob, NagostI. 232 . 11 1 9 7 77.5 CL(601)1 4
IN—5915-00—705—1101 Network 66.00 I 9 11 *22.2 8(SF2)3 S

• 99—3915—0 0— 70 3— 1702 P9two.k 256.31 1 9 1* *32 . 2  11612)1
49-3545—00—705-1104 OSlO IhIlt 9030,00 1 9 3 3 3 . 3  (501) 3
SN-3955-00—705—2911 W.viqu*4. 33.39 1 9 1) 132.3 35 5

- 66-5910—00—703— 4543 Networ k 360.12 1 9 *1 122.2 c(601)1 S —

1 9C-3040-00—705-5317 Shalt. Otto. 63 .65 1 9 9 100.0 NP(3SJI 6
96-9605.00-722-316• SillIe r, V.rlsbl. 66.66 1 9 15 200.0 8(601*1 5

I • SN—390S—00—122-3546 ?~&o.forIs, 209,38 * 9 1 77 .0 T()1*1 4
~9N-S960—00-724-7319 Ilsotran Tub. 25.00 1 9 34 371.0 V (4?)1 9

4N-5540-00-72S 0507 A~~1tf).,, 1,1, ‘066.00 I 9 *6 * 7 7 .5  (3J1 S
— 9N—5930-00-?65—6600 twi tch , 1-1,1111 10. )?  I 9 *2 * 3 3 . 3  3P S

•9N-5960--00-SQO.3337 Ilsetron Tub. 200.25 1 9 61 677 .5 99(31)1 9
5 19-5460-00-S04-90 34 htbat ra.. ?SILO 5.07 2 1*) 29) 1627.5 10(38)1/2 9
5 — •9N- 5940—00-106—6977 11.ct ron Tub. 3 5 .37 1 9 45 51 3.3 V (3C)S 9

)9-5993-00-536-2974 Coiiplsr, Dir•ct Ionsl 956.00 I 9 * *1.1 (30) 1
•99-5960-00—536—6304 Il.ct ran Tub. 3* 3. 92 1 9 73 600.0 V~~l)1 9

0 IN-3915-0o 556 9240 Network 933.00 I 9 1 11.1 00601*. 1
I -. •1N-3140—00-167-3526 ((0,0, W6vs~uIds 034.00 1 6 16 *71.5 8(19)1 9

I •99- 390.0-0O-S79-507S 1l.atr ~~ Tub. .50 * 3 117 15) 196.4 36/SI/It S
• SN—5960-00-592-0661 11650.1,11 922.00 1 9 106 1200.0 10(15)3 9

9N-391O- 00-S99~7I95 Cq.cl to r 7 .20 2 15 15 51. ) 3* 4
,, -3945-00-911 9591 Slay 296.47 I 9 6 54.7 56/SD 3
49-5S40-00-936— SSI9 *4. P.ats 0660 1911 121*0.00 1 3 3 39.6 (641) 3

I 1* 5905-00 429 5519 NesIsto, 5.40 1 I 14 *05.8 6(3*113 7
l9-S913-O0-929-N23 Networ k , P.? . 453.00 1 9 5 35.6 0(381 ) 1 S-~ 90-3SSI-00-531-965 2 I55tawiluator 0.10*,. 3.33 3 iS 313 1194.4 30/3? 9
IN—3960—0O— IIO—3356 ?ranelovo.,, Pu).. 331.00 I I II 132.2 T(*1)1 S

-9611-00—SSS-pSo0 Isdlcw~~~tnI CIvics .14 3 15 *2 14.7 
- 

60 4

~Slqn1tlc11l Parts Iden tIfi e d I.. both 195 ~~G—27 C1a s ~~d 11-s 15-1052 Cl... 5 90 aId 51(6..
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IL I 1(06 1 Md.. $t~~o1 Procsa61aq ~~61~~~ nt (API 79640113)

•9S-3160—OO-17S—4444 had ron Tubs 1.05 7 63 55 57.3 11 7
911—S140—O0—179-4749 l1.ctran Tub. 2.34 1 9 10 111.1 4 3

•4 —5540—C0—91I-SS13 Video Processor Posy. *35.00 1 1 2 a2.3 2 3
~4lI-3S40-0O-916-S5O4 A)~ 699I~~ 3350.00 1 5 4 44.4 4 3
•4N—3S40—00—91I—SSOS Acquisition Control 3330.00 1 S 1 11.1 1 1
•411-5S40-00—916-5535 OStsdtor Posy. 1120.00 1 9 1 11.1 1 1
41-5S40—O0—916—S940 10511115,. 3.?. 047.00 1 S 4 44.4 4 3
9Ie-3943-OO-971-1205 Slay. Axarturs 65.66 1 1 7 77.5 8 1
45—i2aS-00—993’ 6423 ~~~1ifta r. X.F. 3820.00 1 9 4 44.4 4 3

* 47 Ned 9 CoeputS, (UI. 41403033. 49402034) - -

•9N 0905 00—396-4535 S.iitot 132.34 1 5 5 100.0 1 S
41-122O-OO-S73—9042 Intsqr. tor 1150.00 3 27 S 29.6 3 4
911—5905—00-57S.33?I FaSLetor 123.10 1 5 19 211.1 19 9
9G—4450—OO-57S-5933 Generator. Tech. 634.43 1 9 4 44.4 4 3
9C- JOIO—00-579-1381 Gsarcss. - Nato, 616.32 1 9 4 44.4 4 4
99—S9OS—OO—393-5226 P.el.tor 242.10 1 1 9 100.0 I 4
911—5909—O0—5 93—5227 Nesiotor 229.71 1 5 13 144.4 12 5
55—9903—00-593—6333 5.1.100 275.01 1 9 4 44.4 4 3
l1I—1220—00—614—1029 NetwoOk lox 202.00 1 9 S 53.6 3 3

•IM-1220-00—730—7$SI Cable 1-s..Poly 1050.00 1 9 3 33.3 3 3
XH-1220-O0-730-7557 Cabls Ases~~1y 1940.00 1 1 2 22.2 2 2
1II-122O—OO—730— 7a39 Csbl s Ms.ably 327.00 1 S 3 33.3 3 S
1tI_3,220_0O_730_7161 Cab). M..Poly 736.00 1 9 3 33.3 3 3
48-3990—00—761-9160 5.010., 704.00 10 90 6 6.7 6 3
46-3940—00—961-6025 Saolve r 916.00 S 72 19 25.4 15 7
66—3103—00—954—1203 5501,., 164.14 1 9 10 111.1 S 4
90—S905—0O--965—1’25 Mois ter 59.31 2 15 S 50.0 6 4 - - .
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