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ABSTRACI~

As part of a system effectiveness study of the Airborne Tactical Data System (ATDS)
the cost of maintenance in terms of parts, labor , and other associated factors has been

- - analyzed for operational squadrons deployed in the Western Pacific. Analyses have been
performed at four levels: system, electronic and nonelectronic subsystem, equipment, and

- 
- subassembly.

The analyses revealed that cost levels are significantly higher than comparable values for
a training squadron at North Island NAS, San Diego, California. Possible reasons for the
differences are discussed. A detailed tabulation of the results of the analysis is included ,
covering cost per flight-hour, cost per maintenance action , man-hours per flight-hour ,
man-hours per maintenance action , and mean time between maintenance actions. Cost
categories considered are organizational maintenance labor , intermediate maintenance labor ,
and part replacement and overhaul. 
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Ce SUMMARY

As part of a system effectiveness study of the Airborne Tactical Data System (ATDS) in
the E-2 series aircraft, a maintenance cost analysis was performed on operational squadrons
deployed in the Western Pacific. Data from five squadrons deployed during the period 1
October 1967 through 31 March 1968 were used , covering a total of 3901 flight hours.

Results of the analysis showed that maintenance costs were consistently and
significantly higher for the deployed squadrons than for the North Island NAS training
squadron which served as the data base for previous cost analyses. The difference can be
attributed to several problems encountered in the Western Pacific squadrons, including high
corrosion control costs, a large number of unscheduled engine overhauls in the non-
electronic subsystem, and a higher ratio of operating hours to flight hours for the electronic
equipment during deployment.

Figure S-i shows the gross results of the analysis.
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CHAPTER ONE

INTRODUCTION

As part of a system effectiveness study of the Airborne Tactical Data System (ATDS) in
the E-2A aircraft , under NAVAIR Contract N000 19-70-C-0253 and preceding contracts a
number of analyses of the cost of maintenance have been performed and reported upon by
ARINC Research Corporation during the past five years.* All of these analyses have dealt
with the training squadron stationed at Naval Air Station, North Island, California (NORJS);
adequate data on squadrons located elsewhere were not available to ARINC Research until
recently.

It is readily apparent that the operational and maintenance activities of a training
squadron at a Naval Air Station may not be representative of the activities of a deployed ,
carrier-based , operational squadron; accordingly , the maintenance costs presented in the
previous analyses require validation in operational squadron usage. The availability of data
from operational squadrons has now made such validation practical.

The ATDS is a complex airborne early warning system for detecting hostile aircraft and
centrolling interceptor aircraft at a considerable distance from an aircraft carrier . It is the
airborne extension of the Naval Tactical Data System, the carrier-based , carrier-controlled
network which relays tactical data directly to the monitors of the Officer in Tactical
Command. (The system is described in detail in the NAVAIR 01-85WBA-2 Series
Maintenance Instruction Manuals.)

The avionics portion of the ATDS is undergoing major modifications ( program Mod Ax
which will result in a new configuration denoted E-2B). Also in progress is a development
program aimed at improving system effectiveness through further changes in the avionic
subsystems; the resulting design will be denoted E.2C. The effectiveness improvement of the
new configurations can be measured only against the baseline of the E-2A; since
maintenance costs are a part of effectiveness, these must be known as accurately as possible
under all normal operating conditions.

*A Preliminary Maintenance Cost Analysis of the E-2A/A TDS (U), Special Report No. 5, Contract
N 123(61756)50249A , July 1965, ARINC Research Publication 322-01-5-511.

A Maintenance Cost Analysis of the E-2A/ATDS, (U), Special Report No. 7, Contract
N 123(61756)54538A , January 1966, ARINC Research Publication 407-01-3-557.

Maintenance Cost Analysis of the E-2A/ATDS (U) ,  Contract N123(61756)56869A , March 1967 , ARINC
Research Publication 414-01-8.741.

Maintenance Cost Analysis of the E-2A/ATDS (U), Contract N00019-68-C-0152, May 1968, ARINC
Research Publication 563-01-2-888.

1
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This report , then , is intended as a source of reference data for the cost of maintenance
of E-2A/ATDS aircraft deployed in operational squadrons. Tables and charts detailing
unscheduled labor costs, parts replacements, overhaul costs, and labor costs (at both
organizational and intermediate maintenance levels) are included . Both the avionic and
nonavionic portions of the system are analyzed in as much depth as the data allow.

In addition , general comparisons are presented between the results for the deployed
squadrons and the training squadron studied in previous analyses; probable reasons for
major differences are postulated wherever possible.

I
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CHAPTER TWO

DATA ANALYSIS

2.1 DEFINITIONS

Several terms must be explicitly defined , as follows:

• Maintenance Action: Any unscheduled action , or group of actions, by organizational
and/or intermediate maintenance personnel that results in the initiation of a
Maintenance Action Form(s) (MAF). All MAFs containing the same basic Job
Control Number (JCN) and referencing a specific Work Unit Code (WUC) are
considered as part of the same Maintenance Action.

- Unscheduled Maintenance: Maintenance action as the result of a complaint by
operational or maintenance personnel, denoted in the 3M Data System * by Code “B”
in the “Type of Action” data entry .

• Job Control Number: A 3M System job identification number assigned by the
maintenance organization to an MAF or sequence of MAFs stemming from an initial
complaint.

- Work Unit Code: A 3M System numerical designator for a specific subsystem,
assembly , or subassembly being maintained.

2.2 DATA SOURCES

The major sources of data for the analysis were 3M data tapes supplied by NATSF.** —

Details on the methods used to collate and sort these data are contained in Appendix A.
Additional data were supplied by ARINC Research Corporation representatives stationed at
Naval Air Station , North Island , California (NORIS), and by Code AIR-41 16 of NAVAIR.

2.2.1 Period Covered by the Analysis

The data used were from five squadrons deployed in the Western Pacific (WESTPAC)
from 1 October 1967 through 31 March 1968. Not all of the squad rons were in that area for
the entire period; the data used from each squadron were limited to the squadron’s actual
WESTPAC deployment dates. A total of 3901 fligh t hours were accumulated .

2.2.2 Labor Costs

To allow for comparisons between operational-squadron results and training-squadron
results , no changes were made in the computation of the cost of labor; the $6.50 per

*Naval Maintenance and Material Management Reporting System.
**Naval Air Technical Services Facility, Philadel phia , Pennsylvania.

3
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man-hour figure used in ARINC Research Publication 563.01.2.888* was used throughout
this analysis. For convenience, details on the method of computation are repeated in
Appendix B.

2.2.3 Part and Overhaul Cost

The following data sources were used to obtain the cost of nonrepairable replacement
parts:

• Initial Outfitting Lists from the Aviation Supply Office, Philadelphia, Pa. (ASO )
• Navy Stock Lists from ASO
• Fleet-oriented Consolidated Stock Lists from the U.S. Navy Fleet Material Support

Office, Brooklyn , N. Y.

For items shipped to Naval Air Rework Facilities (NARF) or commercial ( factory )
repair facilities (as indicated by codes 1 through 8 in the “Action Taken ” entry in the 3M
System), either of two courses of action were taken , as follows:

- When NARF was the cognizant repair facility, and average repair costs were available
from NARF records, these average costs were used.

• When a factory repair facility was the cognizant repair facility , or when NARF repair
costs were not available, the repair cost was assumed to be 20 percent of the purchase
cost. This figure was derived from the sources listed above.

Throughout this report , the term “part costs” is used to indicate the sum of
replacement part costs and NARF or factory repair costs.

2.3 METHODS OF ANALYSIS

2.3.1 Measures

A num ber of measures were used in the data analysis. Major cost measures are:

• Labor cost per flight hour (organizational , intermediate, combined)
- Part cost per flight hour

Total cost per flight hour
• The above three items per maintenance action instead of per flight hour

Additional measures used include man-hours per flight hour, man-hours per mainte-
nance action, and mean time between maintenance actions (in flight hours).

2 3.2 Depth of Analysis

The measures listed above were applied, where applicable, to the following subdivisions:

E-2A/ATDS system
- Electronic subsystem
• Nonelectronic subsystem

*Op Cit
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I

• Equipment and Aircraft Replaceable Assembly (ARA) level for the electronic
subsystem
Major WUC category (first two digits) for the nonelectronic subsystem.

2.3.3 Other Analysis

Where major differences appeared between the results for deployed squadrons and
training squadrons, the reasons for the differences were investigated . These consisted
primarily of analysis of the 3M data entries for patterns which would indicate major
problems such as very high man-hour entries, high part costs, repeated actions, etc. This was
supplemented by information from ATDS maintenance personnel wherever possible.

5
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CHAPTER THREE

RESULTS OF ANA LYSIS

Appendix C presents a detailed data tabulation showing the analysis results at system ,
subsystem, and ARA levels. Various aspects of the data contained in the table are
considered in the following paragraphs, making use of chart presentations of the tabulated
data. All charts include comparisons with the data for the training squadron at NORIS ,
taken from Publication 563-01-2-888. *

3.1 SYSTEM AND MAJOR SUBSYSTEM LEVELS

Figure 1 presents the cost per flight hour (labor, parts, and total) for the complete
system, the electronic subsystem, and the nonelectronic subsystem. In the case of deployed
squadrons, the electronic subsystem accounts for 58 percent of system total costs per flight
hour, or $136.35 out of $234.42 per hour; it accounts for 62.6 percent of total labor costs
and 55.7 percent of total parts costs.

The costs per hour for the deployed squadrons are considerably higher than those of the
training squadron for both the total system and the major subsystems. Several factors are
believed to contribute to the higher costs, including high corrosion control labor costs in
WESTPAC , a large number of unscheduled engine overhauls, and higher operating hours per
flight hour for the electronic equipments. These are discussed in more detail in Chapter
Four.

Figure 2 presents an additional breakdown of the labor portion of the cost per fligh t
hour ; this, however, is in terms of maintenance man-hours per fligh t hour for organizational
and intermediate levels of maintenance. For deployed squadrons, organizational mainte-
nance is more than half (57 percent) of the overall system maintenance; this, however, is the
result of the nonelectronic subsystem, where approximately 92 percent is organizational,
overbalancing the electronic subsystem with 36 percent.

It is apparent that the major differences between deployed and training squadrons are in
organizational maintenance for the nonelectronic subsystem, and in intermediate mainte-
nance for the electronic subsystem; there is no significant difference in the distribution of
total maintenance man-hours .

3.2 NONELECTRONIC SUBSYSTEM

Figure 3 presents the cost of maintenance for the subdivisions of the nonelectronic
subsystem in terms of labor, parts, and total, and Figure 4 presents the percentage of total

*Op Cit
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subsystem costs represented by the major contributors. For dep loyed squadrons, engines
account for 40.2 percent of the $98.07 per flight hour total costs; airframe and fuselage for
13.2 percent; instruments for 10.6 percent; propellers for 8.7 percent; and flight controls
for 6.1 percent. The other eleven categories account for the remaining 21.2 percent.

Two out of 16 categories — the engines and the airframe and fuselage — account for
over half of all subsystem maintenance costs. These two categories are those involved in the
corrosion control and unscheduled engine overhauls mentioned previously, which account
for the differences between the training and deployed squad rons. It will be noted that the
landing gear category is the only one to show a decrease in actual costs as well as in
percentage. This is attributed to greatly reduced tire replacements, since there are far fewer
landings in relation to flight hours during deployment. (A large part of the flying time in the
training squadron consists of landing practice.)

Figure 5 presents the man.hours per fligh t hour for the organizational and intermediate
levels for the elements of the nonelectronic subsystem. It is evident that intermediate
maintenance accounts for only a small part of the maintenance on this subsystem or any of
the items composing the subsystem.

3.3 ELECFRONIC SUBSYSTEM

Figure 6 presents the cost of maintenance for the equipments comprising the electronic
subsystem in terms of labor , parts, and total, and Figure 7 presents the percentages of total
subsystem costs represented by the major contributors. For deployed squadrons , the
AN/ASA-27 Computer Indicator Group accounts for 31.7 percent of the $136.35 per flight
hour total costs; the AN/ASN-36 Inertial Navigation System covers 22.6 percent; and the
AN/APS-96 Radar involves 16.2 percent. Fifteen other equipment types account for the
remaining 29.5 percent. In the first three cases, well over half of the total costs are part
costs ( replacements and overhaul); 78.6 percent of total part costs in the electronic
subsystem are for these three equipments, as compared to 58.3 percent of total labor costs
of the deployed squadrons. These percentttges do not differ significantly from the 79
percent and 60 percent figures for the training squadron.

Figure 8 presents man-hours per fligh t hour for the organizational and intermediate
levels of maintenance for the equipments composing the electronic subsystem. In contrast
to the nonelectronic subsystem, intermediate maintenance is the major factor in labor costs,
accounting for more than 64 percent of the total. For the training squadron , the comparable
figure is 56 percent. The difference is attributed to the pressure applied in deployed
squadrons to keep the aircraft flying. This puts a premium on reducing organizational
maintenance to a minimum by replacing ARAs as quickly as possible.

3.4 COMBINED SUBSYSTEMS

Figure 9 presents the total cost per fligh t hour for the components of the combined
subsystems which account for the greatest portion of maintenance costs; Figure 10 presents
the percentages of total cost of the major contributors. Three out of 35 — the AN/ASA-27 ,
the engines, and the AN/ASN-36 — account for almost half of the $234.42 per fligh t hour
total cost. This also holds true for the training squadron , except that the AN/APS-96 is
included rather than the engines.

11 
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3.5 ELE CI ’RON IC SUBSYSTEM SUBASSEMBLIES

Figure 11 presents the total cost per flight hour for those subassemb lies of the
electronic subsyste m equipments th at reflect costs of $2.00 per hour or more , including
both labor and part costs. These eleven units (of about 200) account for 64.4 percent of the
$136.35 per flight hour involved in the electronic subsystem repairs. Nine of these units are
parts of the three major cost electron ic equipments mentioned in Section 3.3.

Several of the units show different patterns, in terms of part 4aborbreakdown or total
costs, from those experienced in the training squadron. Control Indicator C.3323/ASA-27 ,
for example, shows a very low parts/labor ratio in the training squadron , but in the
deployed squadrons parts account for 65 percent of the total costs. In this case, a specific ,
one-time problem of a large number of defective conducting-glass assemblies requiring
replacement during dep loyment created high part costs in the unit .

Anoth er examp le is the Navigation Computer CP-75 1 of the ASN-36 Inertia l Navigation
System, in which costs of both labor and parts are much higher in the deployed squadrons.
Much of the part cost difference can be explained by the large number of shaft-encoder
replacement s that are mad e in the deployed squadrons. One factor to be considered is that
operations during deploymen t impose much more critical demands on the navigation system
and hence minor discrepancies that might go unnoticed during training must receive
attention under deployment conditions. —
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CHAPTER FOUR

DEPLOYED VERSUS TRAINING SQUADRO N COSTS

In general , the results confirm the premise that the labor , parts, and total maintenance
costs in deployed , operational squadrons differ significantly from those of training
squadrons, and are consistently higher . The total costs are abou t 66 percent higher , while
labor costs are 59 percent higher and parts costs are 69 percent higher. Higher costs are also
consistently reflected in both the electronic and nonelectronic subsystems, although
individual categories within the subsystems do not necessarily follow this pattern.

4.1 NONELECFRONIC SUBSYSTEM

As indicated in Section 3.1, a large portion of the costs for the nonelectronic subsystem
is attributable to two major factors : unscheduled engine removal with the associated
overhaul parts and labor costs, and corrosion control labor costs. Eight engines were
removed and replaced, requiring 1431 man-hours or 66 percent of the total man-hours
charged against the engines. Because they were beyond the capability of maintenance , five
of these engines were sent out for overhaul at an average cost of $23,200 each or $116,000
total . (These costs reflect more than 83 percent of the total engines parts costs).
Approximately 4700 man-hours were expended in corrosion control on the Airframe and
Fuselage. This represents the expenditure of 68 percent of the man-hours in this catego ry,
and 25 percent of total nonelectronic subsystem man-hours. These two factors combined
account for 31 percent of subsystem labor costs and 44 percent of subsystem parts costs.

The data on engine removals can be considered typical; the complaints are of “leaking”
and “excessive oil consumption ” and , in one instance , “fore ign object damage ”. The data on
corrosion control , however , may not be typ ical. One squadron , which flew 30 percent of the
total flight hours, expended about 60 percent of the man-hours spent in corrosion control.
The amount of effort expended on corrosion contr ol is undoubtedly related to the
particular maintenance policy estab lished by a squadron , and the location of operations.
Wide variances can th erefore be expected . However , since five WESTP AC squadrons are
represented in the data, it is believed that it is satisfactory to use the results until such time
as additional data are made available for analysis. (Obviously, locations with less rigorous
climates than that in WESTPAC can expect to experience lower maintenance costs, since
corro sion control requirements will not be as severe.)

Other maintenance actions on the nonelectronic subsystem that required a large number
of man-hours include the following:

- Air Turbine Sta4er difficulties — Thirty instances (including cannibalization )
involving 264 man-hours
Ailero n Tandem Actuato r repairs — Thirteen instances involvin g 369 man-hours

19 
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- Jackscrew repairs — Five instances involving 283 man-hours

- 

- 
- 

Propeller cannibalization — Twelve instances involving 317 man-hours
Propeller Hub Blade Assembly repairs — Eight instances involving 332 man-hours.

4.2 ELECTRONIC SUBSYSTEM

It was noted in Section 3.1 that one of the reasons for higher maintenance costs per
flight hour for deployed versus training squadrons was believed to be h igher operating hours
per flight hour. Recent observations by ARIN C Research personnel at the NORIS training
squadron indicate that a ratio of approximately 1.5 flight hours per operating hour may be
representative of that squadron ’s operations. (These figures are based on clock readings on
several equipments.) During deployed operations, however, operating hours are very nearly
equal to flight hours.

Reasons for some individual subassembly differences were presented in Section 3.5.

20
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CHAPTER FIVE

CONCLUSION S AND RECOMMEND ATION

The results of the analyses conducted by ARINC Research led to the following
conclusions .

5.1 CONCLUSION S

The cost of maintenance for deployed E-2A/ATDS squadrons is significantly higher
than those for the training squadron at NORIS.

- Major causes for the significant difference in maintenance costs include high
corrosion-control labor costs in WE STPAC , large numbers of unscheduled engine
overhauls , and higher electro nic equipment operating hours per flight hour.
No significant difference between the deployed and training squadrons is found at
the system level with respect to the division of maintenance man-hours between
organizational and intermediate levels. The differences are significant , however , at the
electronics and nonelect ronic subsyste m levels.

- In the electronics subsystem , the major contributors to the cost of maintenance are
not significantly different for the deployed and training squadrons. Significant
differences do exist in the nonelectronic subsystem.

5.2 RECOMMEND ATION

It is recommended that the data contained in this report be used as the basic reference
against which the cost of maintenance of future deployed operational squadrons will be
compared .

21
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APPENDIX A

COMPILATION OF DATA

With the exception of the cost per maintenance man-hour , factory -repair costs , and part
costs , all data used in this report were compiled from the Navy 3M system.

1. Navy 3M System Maintainability Data

The data elements used in the analysis were as follows:

- Job Control Number — Identifies each basic maintenance action and resu lting
actions , including the date of the basic action and the originating organ ization
Type of Equi pment — Identifies E-2A aircraft using ATDS

- Maintenance Level — Identifies organizational or intermediate (shop) level mainte-
nance
Work Unit Code — Identifies the system, equipment , assembly, subassembly, etc.,
being maintained

- Type of Maintenance — Denotes maintenance action ’s origin, such as unscheduled,
inspection, etc.
Action Taken — General report on maintenance action ’s result , such as repair ,
removal , removal and replacement , etc.

- Symptom of Malfunction — COded designator showing symptom , such as open,
shorted , nothing wrong, etc.
Number of Items Involved — Shows quantity of identical items in any specific action
Maintenance Man-Hours — Total man-hours expended for each maintenance-action
report

- Manufacturer and Part Number — Delineates the item (within the Work Unit Code)
being replaced

To use the raw data , it was necessar y to select only those maintenance reports that
referred to the squadrons of interest and started within the selected time period. It was then
necessary to sort these by Work Unit Code within Job Control Number so that all actions
that resulted fro m a basic action were grouped . (Each such group is considered as a
maintenance action.) Maintenance man-hours were then totalled for each Work Unit Code.
A printout of the data so sorted was the basic reference for the current analysis.

An additional printout of those data entries that contained manufacturer and
part-number information was made after sorting by Job Control Number within Work Unit
Code within Action Taken within Part Number categories. This was done to fac ilitate the
costing of part replacements , since cost data provided by the 3M system were inad equate for
this purpose.

A—i 

~~~~~~~~~~-- -- -~~~~~~~~ —--~~~~~~~



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

~~~~~~~~~~~

-

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

______

Aircraft Statistical Data reports from the 3M system were used to provide squadron
aircraft fligh t hours for the period under study.

2. Maintenance Man-Hour Costs

The following sources of data were used to compute an average cost per maintenance
man-hour:

- Tabulation of active duty basic pay scales by length of service
- Tabulation of personnel of Squadron yAW-il actually performing maintenance on -

E-2A/ATDS, the tabulation including pay grades, length of service, and percentage of
time spent on the E-2A/ATDS

- Data from OASD-Manpower , showing relationship of basic pay to actual pay and - -:

supplemental benefits

Appendix B details the methods by which a rate of $6.50 per maintenance man-hour
was computed.

3. Part Costs

The following sources of data were used to obtain the cost of nonrepairable replaced
parts:

- Initial Outfitting Lists, prepared by the Aviation Supply Office, Philadelphia, Pa. -

Navy Stock Lists, prepared by the Aviation Supply Office, Philadelphia, Pa.
- Fleet Oriented Consolidated Stock Lists, prepared by the U.S. Navy Fleet Material

Support Office, Brooklyn, N. Y.

4. Factory Repa r Costs

For items shipped to the factory or the O&R Shop for repair (as indicated by a
numerical code 1-8 in the “Action Taken” entry in the 3M system) 20 percent of purchase
cost of the items, derived from data previously obtained, were used as the cost of repair.
Purchase costs of the items were obtained from the same sources as noted in Section 2 of 1 -

this appendix.
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APPENDIX B

METHOD OF COMPUTING COST PER HOUR FOR MAINTENANCE LABOR

The average hourly cost of labor performed by maintenance personnel was determined
fro m the tabulation of active duty basic pay scales in effect January 1967. From a listing of
the personnel of Squadron VAW-il , the number of personnel in each pay grade, the average
length of service for each pay grade, and the percentage (estimated) of time spent on
maintenance of the E-2A aircraft was determined . These data were used in the manner
shown in Table B-i to compute a basic hourly pay of $1.69.

Table B-2 shows that , on the average, the basic pay is only 58 percent of actual pay
received and that an additional 24 percent should be added to the actual pay to cover
supplemental benefits received:

X 1.24 = $3 61 per hour

In addition, an overhead factor of 80 percent was added to reflect fixed costs,
supervision, support services, etc.:

$3.61 X 1.80 = $6.50 per hour = maintenance-labor cost

B—i
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TABLE B—I. CALCULATIONS OF BASIC HOURLY PAY

Total Pay
Number Percent Effective &Sic Column 4Pay of Time Number Monthly x

Grade Men on of Men Pay* Column 5
E-2A (Dollars) (Monthly — Dollars)

E3 10 40 4.0 170.10 680.40

E4 20 100 33.6 222.90 7489.44

34 40

E5 12 100 260 270.00 7020.00

35 40

E6 12 100 21.6 328 80 7102.08

24 40

E7 9 100 13.0 393.60 5116.80

10 40

E8 4 100 5.2 487.20 2533.44

3 40

E9 1 100 1.0 599.10 599.10

Total 104.4 30,541.26

Monthly Total Pay 
= 

30,541.26 
= 292.54 avg. pay/mo. X 12 = 3510.48/year

Effective No. of Men 104.4

2080 hI 
= 

3510 48 
= 1.69 Basic Hourly Pay

*From Active Duty Basic Pay Scales for Enlisted Personnel (Table B-2).
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APPENDIX C

MAINTENANCE COST DATA FOR E-2A/ATDS

This Appendix is classified CONFIDEN-
TIAL; it has been omitted from this unclassified
edition. 
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