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EXECUTIVE SUMMARY

. After a brief discussion on the TF30P412A engine's history and the

o

operational capability of the F-14A aircraft, the report reviews the
current Military Specification for demonstrating aircraft engine perform-
5 ance of newly developed aircraft engines. The effects of the Component

< Improvement Program, Reliability and Maintainability are also discussed.

The TF30PL12A engine is analyzed by the Work Unit Codes of its major
components and compared by utilizing Reliability and Maintainability
figures and graphs. The major Engine components performance were compared

over the three year period analyzed. The Readiness Improvement Status

Evaluation Summaries are used to compare the engines contribution to F-14A
aircraft degradation over the period July 1975 - July 1976, Engineering
Change Proposal (ECP) incorporation and its affect on the logistics support
system is also analyzed.

It was concluded that in order to cure a proliferating spare parts
problem, more effort and money wculd be required in Research and Develop-
ment of new engines, ECP's will have to be more carefully scrutinized,

and the Navy will have to place increasing emphasis on Reliability. It

is also recommended that the Navy and Air Force create a Joint Aircraft 1

Engine Program Office, and that a Reliability and Maintainability Analysis

be conducted on all turbofan engines.
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SECTION 1

INTRODUCTION

Purpose

«

The aircraft engine logistic support system has grown excessively
- complex due to poor reliability and maintainability of aircraft engines
e over their respective life cycles. Many factors have contributed to this
situation, like the dwindling value of the dollar, and austere funding
for defense, which have made it difficult to acquire new weapons systems,
and obtain supply parts to support them. Excessive Engineering Change
Proposal incorporation over the years has been influenced by: inadequate
basic engine design, the Component Improvement Program, inadequate Re-
search and Development of engines, and utilizing engines in modern jet
tactical aircraft originally developed using principles gained from
commercial aviation, These factors have contributed to a monstrous logis-
tic support system,

Poor Reliability and Maintainability achieved on engines require
more spare parts, Engineering Change Proposals and spare engines in the
supply system in order to achieve the desired operational readiness. As
of May 1974, the Department of Defense had invested approximately nine
billion dollars in aircraft engines, of which approximately one-third was i
spent on component improvements, Due to the excessive costs of incorpo-
rating ECP's and retrofitting during production the question arises, '"Are

we developing aircraft engines properly, or is there a better way?" (6:1)

1This notation will be used throughout the report for sources of
quotations and major references. The first number is the source listed
b in the bibliography, The second number is the page in the reference.

! ' |
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The Navy spends approximately $200 million per year in maintaining
its inventory of aircraft engines, and about $50 - $75 million per year

on the procurement of spare engines to fill logistic and maintenance pipe-

o

lines. (5:1)

Upon graduation from the Defense Systems Management College, | will
be assigned to the Naval Air Systems Command, Aircraft Engine Logistics
Branch. Therefore, | wanted to understand in more detail how Reliability
and Maintainability influence the logistics support system and availa-
bility of the aircraft engines used in the F-14A tactical fighter air-

craft. In March of 1976, Representative Charles H. Wilson (D - California)

commented on the recent loss of an F-14A (probable cause--fuel leak/engine

fire.)

The galling problem is that the TF30 engine has been
around since 1959 and is far from a new machine. Pratt and
Whitney slightly modified it, but the engine was to be one
of several proven, off-the-shelf items to reduce the risk
involved in developing the F-14, Instead, this powerplant
has just cost the Navy another of its most expensive fighters
and neariy the lives of two of its men...Associated fix and
inspection procedures are costly in labor hours, flying time
and maintenance funds. (10:190)

Representative Wilson's frustration and disbelief in the TF30PL12A

engine's performance are shared by many people involved with it and

illustrate why | think it is important to study the TF30P412A engine

Reliability and Maintainability statistics.

Definitions
The following terms and abbreviations will be used in the report and

are presented for continuity of thought:
.

Cumulative - The Mean Flight Hours Between Failure (MFHBF),

T
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etc., calculated over the entire data reported and collected
to that point in time.

Elapsed Maintenance Time (EMT) - average time required to

o

complete a maintenance action regardless of number of per-
sonnel required. It is synonomous with mean time to repair
(MTTR) and is a measure of maintainability.

Maintenance - action necessary to repair equipment to an
operational ready status or keep them in that status.

Maintenance Action (MA) - unscheduled maintenance reported

on single copy and multi-copy maintenance action form (MAF) |
Maintenance Man Hours (MMH) - time expended by maintenance
personnel completing maintenance actions.

Mean Flight Hours Between Failures (MFHBF) -~ a measure of

reliability and is synonomous with Mean Time Between Failure.

Mean Flight Hours Between Maintenance Actions (MFHBMA) - the

average time between unscheduled maintenance repair work (time
in flight hours).

Mean Unscheduled Maintenance Time (Mct) ~ see EMT, MTTR, also

called Mean Corrective Time.

Not Operationally Ready (NOR) - unable to perform mission due
to awaiting maintenance (AWM) or supply.

Power Plant Change (PPC) - an engineering change approved for

incorporation into an aircraft engine.

2 Reliability and Maintainability - RAM
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Limitations

Reduced Material Condition (RMC) - The system can accomplish

part of its mission, but is not Full System Capable (FSC)
due to awaiting maintenance or supply for a particular part
of its weapons system.

Work Unit Code (WUC) - a five digit alpha-numeric code which

identifies aircraft sub-systems and elements. 1

Failure definition is an important facet of a Reliability and Main-
tainability (RAM) analysis. The problem must be analyzed for cause, re-
sponsibility and prevention, and subsequently documented accurately.
Additionally, all three levels of maintenance (organizational, interme-
diate, and depot) must participate in the documentation effort or else a
lower level requirement could be met by sliding the work to the next level

of maintenance. (8:13) ]

The Navy 3M System was utilized for the data collection. It is an
extensive data collection system, but it does have some built in inade-
quacies for the purpose of this report. Additional Work Unit Codes (WUC's)
evolved as the engine life increased which made it difficult to maintain
continuity in data recording of sub-system elements over the total engine
life. The Mean Flight Hours Between Failure (MFHBF) and Mean Flight Hours
Between Maintenance Action (MFHBMA) do not consider multiple installations
within the aircraft, but this data is usable over a long period of time
to indicate trends. | was unable to obtain preventive maintenance hours
spent on sub-systems and elements of the engine. The Maintenance,

Material, Management (3M) report technical narrative sheets are displayed

in Appendix |V,
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| wanted to compare the data supplied by the Statistical Calculation

And Analysis For The Logistics Of Engine Removals (SCALER) System with

the data obtained from the 3-M System. SCALER data is based on aircraft

engine removals documented through the Engine Accounting System (EAS).

However, | was unable to analyze the data and compare it due mainly to

the time constraint.

Scope

: This paper will attempt to illustrate the correlation and problem

areas of Reliability and Maintainability to the logistics system and

operational readiness of the F-14A TF30P4L12A engine. Mr. Willis J,

Willoughby, Deputy Chief of Naval Material for RAM, put it this way,

A high performance product has little value, even
as a deterrent, if it cannot consistently deliver this
performance because it is either broken down or breaks
down immediately upon being pressed into service. (18:15)

.
-
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SECTION II

BACKGROUND

In the mid-1960's the Navy was developing the F-111B to assume the
- role of a fleet air defense and air superiority aircraft. However, the
F-111B failed to meet the Navy's requirements for carrier suitability
in 1968, and the program was cancelled. A new program designated VFX
was won by the Grumman Aerospace Corporation in 1969 for design of a new
air superiority fighter for use in fleet air defense. This aircraft
would have to be carrier suitable, able to counter the current threat
(Foxbat, Flagon, Fishbed, etc., aircraft, cruise missile carrying sub-
marines, and surface ships) and be able to meet the threat into the
late 1980's. The Navy also specified that the new aircraft would require

a 500 nautical mile combat radius and be able to engage in air combat

for two minutes utilizing full afterburnmer. It also would require a
weapon system able to counter a threat in all flight regimes. The F-14A ‘
| was the outcome of the VFX competition. It was designed using maximum of f-
the~shelf components developed for the F-111B aircraft. As a result
of this philosophy the TF30P412A (present F-14A engine) was developed
from the TF30P12A engine in the F-111B by redesigning the nozzles. (4:1203)

The TF30 chronological engine history is depicted in Appendix I. The

TRy

information was supplied by the F-14 Program Management Office and Pratt

and Whitney's Washington Office.

T p———

The F-14A is capable of carrying a wide variety of ordnance to

enable it to accomplish its multi-mission capability:
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M61-A1 Vulcan 20MM Cannon

AIM-S4A Phoenix Missiles (6)

AiM-7E/F Sparrow Missiles (6)
AIM-9G/M Sidewinder Missiles (4)
Bombs - 14 MK-82, 8 MK-83, or 4 MK-8L

The most common mix of missiles is two Phoenix, three Sparrow, and
four Sidewinders which gives it the most flexibility. (4:1204)

The F-14A was designed to enhance maintainability on the TF30P412A
engine. Ready access for engine inspection, repair and oil replenishment
is allowed through installation of clamshell doors on the airframe. More
than 80 percent of engine associated maintenance can be accomplished
through these doors. Four mechanics can change an engine in three hours.
(17:37) The JTF-10A (TF-30) was developed in the late 1950's as the first
turbofan engine with an afterburner. (16:734) Since it had ten years
of development and improvement, the TF30 engine was considered (in the
late 1960's) a very low-risk item. The F-14A transitioned to the fleet

on October 12, 1972, and did not lose a single aircraft in its first

10,000 flying hours. (4:1205)
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SECTION 111

STANDARDS AND DEMONSTRATIONS FOR
AIRCRAFT ENGINE RELIABILITY AND MAINTAINABILITY

An aircraft engine will malfunction due to either aerodynamic and/or
mechanical problems. Aerodynamic problems are related to basic design
defects or the result of mechanical problems (fuel control, etc.).
Mechanical problems relate to broken parts, and parts fail due to any
of several causes. A part incorrectly manufactured, foreign object
damage, applied loads under operating conditions greater than the part
will bear, part fatigue and wear out can all affect the useful life of
a part. (8:12)

The design specifications must detail information on the environ-
ment in which a piece of equipment will be operated. Loads to be applied
(G-loads), air temperature, and corrosivity of the service environment
must be specified or reliability theory will be of little value., A
comprehensive design speéification including operating environment,
quality, design envelope, and reliability is essential in establishing
minimum performance criteria, (3:33)

Reliability is the probability that a system/equipment will perform
its intended function within the specified design limitations for a given
period of time, when used in the manner for which it was intended. Main-
tainability is the probability that a system/equipment will be repaired
to an operating conditiorn in a given period of time utilizing standard
procedures. In Chapter IV, Mean Flight Hours Between Failure (MFHBF) and

.
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Maintenance Man Hours Per Flight Hour (MMH/FH) will be used to illustrate
RAM figures. The relationship of RAM with increasing time is illustrated

in the normalized chart below,

O b e e e e e e e T oo (gl 8

€——MAINTAINABILITY

&————— RELIABILITY

TIHE ————»

As time increases the probability of the system/equipment operating
without failure decreases and the probability of repairing a malfunction
increases with the increase in time.

Aircraft engines have been developed by the military using standard
specifications and associated milestones., The Preliminary Flight Rating
Test (PFRT) consists of ten cycles of six hours duration on an engine
to prepare it for flight test, Engine parts must also complete sixty
hours of endurance testing to be judged as successfully completing the
PFRT. (9:1)

The Model Qualification Test (MQT) consists of two endurance tests,

of 150 hours each, condugted on each of two engines. Each endurance

9
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test will consist of twenty-five cycles of six hours each. Engine parts

must also pass the two 150 hour endurance tests to be judged as qualifying.
The MQT is used to show that the engine meets specification requirements
and is suitable for production. The successful completion of MQT also
starts the engines Component Improvement Program (CIP). This means that
although the engine has passed MQT and is approved for production, it

is still not fully developed and tested, and will require more develop-
ment to achieve its highest capability. The completion of MQT takes the
engine out of Research and Development funding and qualifies it for fund-
ing by procurement dollars in the production phase. (6:6) Many areas

of additional costs are affected by CIP developments as suggested by

the following list:

purchase of modification/retrofit kits

depot costs to install

. cost to rework old parts into new design

cost of scrapping usable but obsolete parts

more frequent maintenance on newer engines

cost of investment in engine spares to support
early production engines (6:15)

oA FwnN —

The contractor is required to perform a maintainability/maintenance
demonstration on an engine substantially similar to the MQT endurance
test engine and have an accumulated engine operating time of 300 hours
or more. The primary parameters for assessing engine maintainability
are Maintenance Man Hours/Engine Hours (MMH/EH). (9:67)

The qualification tests, specifications and RAM figures must be kept
in perspective throughout engine development. Mr. Willis J. Willoughby
(Deputy Chief of Naval Material for RAM) wrote that in the past the

reliability requirement has not been tied to the design of a system

10




but was linked to surpassing a numerical goal at the end of Full Scale

Development. He further stated,

More typically reliability 'demonstration'' is highly
questionable because of test conditions and sample sizes
chosen. When only numerical reliability is specified as a
requirement, it is used too often as an illusionary hurdle to
be overcome by any means available other than fundamental
design considerations. This is indeed a sad state of affairs
since design reliability is the key to successful equipment
operation throughout its specified lifetime. (18:13)

; Appendix || shows the major Pre MQT development objectives and milestones,

and some of the significant Post MQT problem areas (information

provided by the Pratt and Whitney Washington, D.C, Office). It is

interesting to note that the development cost of the TF30P412A engine

through MQT was $ 21.7 million.

.
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SECTION 1V

ENGINE PROBLEM AREAS AND
RAM ANALYSIS

Current Problem Aéeas

The F-14A's engine trouble began in April of 1974, with the loss of
its first aircraft to first stage fan blade failure in the TF30P412A,
Since that time a total of six aircraft crashes have been attributed to
the failure of some part of the TF30P412A and it is the suspected cause
in a seventh aircraft loss. The F-14A aircraft losses through March
of 1976 are shown in Table IV-1:

Table 1V-1

Fflh LOSSES/DAMAGE DUE TO ENGINE/FIRE PROBLEMS

A/C DATE CAUSE
6+ Jun 1973 AIM-7 Collision |
2 May 1974 Hydrazine EPU B-Nut ;
18 Apr 1974 First Stage Fan Blade ]
53 Jul 1974 First Stage Fan Blade
8 Sep 1974 Third Fan Disc
L3 Jan 1975 Third Fan Disci*
62 Jan 1975 Third Fan Disc¥*
98 Jun 1975 First Stage Fan Blade
17 Aug 1975 Vent Tank Overfill
137+ Oct 1975 Third Fan Disc
127+ Mar 1976
*Losses

**Probable Cause




——

.
The President signed a bill'on July 14, 1976, authorizing an un-
requested $15 million for resear;h and development of new engines for
the F-14. Procurement of either engine (Pratt and Whitney FLO1 or
General Electric F101) planned for the F-14 has been estimated in a
GAO report at approximately $1.7 billion. (10:139) The replacement

engine will not be available for operational use until the 1980/81

time period, which makes it necessary for the Navy to repair the TF30P412A,

Repairs are underway for the TF30P412A in three major areas:
1. Stage 1 fan blade distress
2, Stage 3 fan disc failures

3. Stage 2 turbine seal failures
(see pages B3 to B4 appendix 11)

The Navy estimates that it will cost roximately $86 million to
eliminate the problems that have aris in the TF30P412A in the past
two years. (10:138)

The Navy also has initiated a Reliability Improvement Program to
improve the reliability of the TF30P412A high failure rate items. In
Table 1V-2 | have compiled a list of engine sub-systems components that
accumulated at least ten failures over the two-year period, Jan. 74 -
Dec. 75. Several items listed (combustion chamber, A/B Nozzle Segments
Assembly, A/B Nozzle Segments Seal, Main Fuel Control and A/B Fuel
Control) show up as high failure rate items and should be analyzed for
possible improvement. The individual inherent availabilities were
computed, using the actual data from the three year period analyzed,
by the following formula:

WA = MFHBF/MFHBF + Mct

13




TABLE 1V-2
Engine Elements With Ten Or More Failures

Jan 74 - Dec 75

o

MFHBF Based On Total FH = 39,971

Tot
i wuc Failures MFHBF Nomenclaturs
23811.00 7 +8=15 2664.7 Fan Inlet Case
: 23B12.10 3 +7=10 3997.1 First Stage Compressrr Stator Vane
o1 23Bl1A.10 16 + 1= 17 2351,2 Front Compressor Rotor Blade
23B1B 7 + 4= 11 3633.7 Rear Compressor Rotor Assembly

23B23.00 175 +38=213 187.6 Combustion Chamber

23B31.60 31 + 9= 40 999.2 Ist Stage Turbine Stator Vane
23845.54 55 +18= 73 547.5 A/B Nozzle Seal

23BLS.56 8 + L= 12 3330.9 A/B Nozzle Cylinder

23B45.57 38 +37= 75 533.0 A/B Nozzle Segments Assembly

238L45.58 13 +35= 48 832.7 A/B Nozzle Segments Seal

23849 20 + 3= 23 1737.9 NOC

23861 8 + 5= 13 3074.7 Main Fuel Pump

23862 33 +36= 69 579.5 Main Fuel Contrcl

23866 2 421= 23 1737.9 Fuel Nozzle & Support Assembly
; 23868 7 +3=10 3997.1 Main Fuel System Tubing

23B6A 13 + 4= 17 2351,2 Fuel Filter Assembly

23871 11 + 9= 20 1998.6  A/B Fuel Pump

23872 29 +38= 67 596.6 A/B Fuel Control

23B76 9 + L= 13 3074.7 A/B Fuel Tube

23877.00 10 +14= 24 1665.5  Hydraulic Fue) Pump

.

23B77.10 2 +9= 11 3633.7 Hydraulic Fuel! Damper

P Y Y
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A1l of the data listed in Tables IV, V, and the graphs A-L were
compiled from data obtained from the Navy Maintenance and Material
Management (3-M) Information Systems, This data will be used to
analyze each of the major engine components in the following chapters.

Figure J. shows the cumulative reliability (over the three year 1

data period) of each major component of the TF30P412A engine., It does

not show recent trends, problem areas, or power plant change incorpora-

tions and effects. These items will be discussed in more detail in

the following sections. It will also be helpful in reading the follow-

ing sections to keep in mind that the TF30P412A engine is operating with
a 1,000 hour Maximum Engine Operating Time (MOT) between overhauls, It

presently has a 225 hour inspection interval in which the basic engine

inspection elapsed maintenance time is 15 hours 35 minutes,
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Work Unit Code (WUC) 23B00 TF30 Engine

This WUC is used when the engine is removed from the aircraft due
to either component failure, inspections, or overhauls. It is also
used to record engine element failure and maintenance not covered by
a lower code. The MFHBF (figure A-1) of this WUC (which is closely E
associated with MTBR - mean time between engine removals) appears to
be leveling off at approximately 100 hours between failure. The high-
est reliability (figure A-2) was obtained in the July - December 1973
time period (about 260 flight hours between failure) and the lowest
MTBF occurred in the January - July 1975 time period, about 67 flight

hours between failure. The low MFHBF in the January - July 1975 period

is partially attributable to the first stage fan blade and third stage

disc problems, Three aircraft were also lost in the period January -
July 1975 due to these engine problems.

The cumulative MMH/FH appears to be remaining constant at 2,45 MMH/FH
(figure A-3) over the past 1% years. The Elapsed Maintenance Time Per
Maintenance Action (figure A-L) has been erratic but appears to be
settling down between 14,0 and 16,0 hours per maintenance action. This
could be the result of not enough personnel being used on these mainte-
nance actions, inadequate skill levels being assigned, and/or maintenance
personnel not learning from experience, The data for the graphs is con-

-

tained in Table V=3,
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Work Unit Code (WUC) 23B10 Compressor Section

Figure B-1 shows that despite a severe drop in cumulative MFHBF

in mid-1975, it rose within six months to approximately 275 cumula-

tive MFHBF and appears to be leveling off at 275 hours. The drop in

mid-1975 in cumulative MFHBF is explainable by noticing that the six

month MFHBF (figure B-2) for January - June 1975 was at its lowest

point (184 MFHBF) in the three years analyzed. The first stage fan
d blade failures and third stage fan disc failures were dominant problems.
The first stage fan blade failures were attributed to heat stress corro-
sion during fabrication. Power Plant Change - 438 was issued to retro-
fit the engine fleet with newly designed higher quality fan blades,
Revision A to Power Plants Bulletin - 57 provided a one-time eddy-
current inspection of fan blades in installed engines to check for
intergranular corrosion cracking.

The MMH/FH (figure B-3) rose to a high of .32 MMH/FH at 27,814 cumu-
lative flight hours and has since dropped to .20 MMH/FH after 59,341
cumulative flight hours. The high rate of MMH/FH again was probably a
result of Power Plant Changes 438 and 439, an excessive number of
fodded engines due to faulty blades, and/or excessive air seal wear,
and QEC (quick engine change) Kits received without all the necessary
accessories. The average maintenance time/maintenance action (figure B-4)

remained high (approximately 8.0) until after about L25 repair actions,

when the elapsed maintenance time per maintenance action (EMT/MA = MTTR)
decreased rapidly to a little over two hours per maintenance action at

about 750 maintenance actions, This graph suggests that the maintenance

2 personnel became familiar with the repair methods and procedures and
i 21
.
i .
3
3
2




and their skill level increased greatly. This is also evident in
Figure B-5 which shows that the MMH/FH to be decreasing since the

early part of 1975. The data for the graphs is contained in Table V-4,
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Work Unit Code (WUC) 23B20 Combustion Section

The reliability of the Combustion Section is steadily increasing

with increasing flight hours (Figure C-1). Figure C-2 corroborates

o

this statement ag the highest six month reliability figure was ob-
tained in the period January - June 1976. It appears from figures
C-3 and C-4 that the maintenance man hours per flight hour and the
average repair time have increased greatly during the last six month

. period. For some reason, it is requiring more maintenance man hours

and over twice the time to repair items in this section than in the
previous 23 years. Figure C-3 shows that the MMH/FH was relatively
stable (around .035) for 13 years before climbing to .046. The
increase in MMH/FH and EMT/MA, could be the reason for the increasing

rate in reliability. A conjecture is that maintenance personnel appear

to be taking the time to do the maintenance right the first time. The
MMH/FH could decrease again when maintenance personnel have become 2

familiar with the procedures. Data for the graphs is contained in

Table [V-5 for WUC 23B20.
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Work Unit Code (WUC) 23B30 Turbine Section

The turbine section appears to be a highly reliable component of
the TF30P412A engine. The reliability dropped to just over 500 hour
b MFHBF in the period July 1974 - June 1975, but has risen since that time
to over 650 MFHBF (figures D-1 and D-2),

The maintenance man hours are increasing, but at a lower rate and
the average repair time has decreased from over 18 hours to repair after
70 repair actions (January - July 1975) to under 4 hours to repair after
120 repair actions. It appears that maintenance personnel are becoming
familiar and experienced in turbiné . section repairs. The lower
average repair time and low rate of MMH/FH (figure D-3) appear to have
influenced the continued increase in MFHBF. The lowest MFHBF point

figure D-1 also had the highest MMH/FH (figure D-3) and EMT/MA (figure

D-4) associated with it. As repair time decreased the reliability in-
creased, which is a positive sign for continued increased reliability
and maintainability with the section of the engine. This component has
the highest reliability (MFHBF) of all the major components of the
TF30P412A, The data for the graphs in this section are contained in

Table V-6,
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Work Unit Code (WUC) 23B40 Exhaust Section

The reliability of the Exhaust Section appears to have been in-
creasing through 1975 and began leveling off at approximately 85 MFHBF
in 1976 (figure E-1). Over the period July 1975 - June 1976, the re-
liability has been decreasing, but will hopefully level off at 85 or
begin to increase again., The MMH/FH is decreasing to about a 1 to &
ratio (figure E-3), yet the average repair time has fluctuated 1.5 hrs/MA

about 5.0 hours per MA, The EMT had decreased from 6.8 (July - December

1974)to 3.5 (July - December 1975). This favorable trend in increasing
maintenance experience and skill level and decreased repair time, then
reversed and jumped up to 6.0 hrs/MA during the period January - June
1976. The decreasing MMH/FH and fluctuating EMT/MA could be influencing
the low reliability evidenced in figure E-1 and E-2, Maintenance pro-
cedures for this section as well as the elements which make up this

section of the engine should be examined for accuracy, content and design,

The data for the graphs in this section are contained in Table V-7,
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Work Unit Code (WUC) 23B60 Main Fuel System

The Main Fuel System appears to have an increasing reliability trend

which is leveling off around 200 MFHBF (figure F-1), There is a possi-

>bility that the cumulative MFHBF will rise more since the last two six

month periods have had MFHBF values of over 220 (figure F-2). The
MMH/FH (figure F-3) appears to be decreasing and the EMT/MA appears

to be leveling off around 6 hours per maintenance action. The stable
reliability and relatively low MMH/FH figures suggest that this sec-
tion of the engine continues to perform relatively well, The data for

the graphs in this section are contained in Table IV-8.
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[ Work Unit Code (WUC) 23B70 Afterburner Fuel System

The cumulative reliability after peaking at 142 MFHBF at 18,000

ol

flight hours, decreased slightly and appears to be leveling off at

around 120 MFHBF (figure G-1). Figure G~2 shows that although the

reliability in the past one and a half years is increasing, it is

still far below the reliability (183 MFHBF) of the July - December 1974
- period. The MMH/FH figure G-3 have steadily decreased to .166 over

the three year data period. The average repair time (figure G-4) has

also decreased significantly from 6,0 to approximately 3.5 hours

o ARl B0 ate i

EMT/MA. | believe that the MMH/FH will remain at its position and |
that the low reliability is due to a design problem due to the fact
that reliability was highest when EMT was lowest. The data for the

graphs in this section is contained in Table 1V-9,
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Work Unit Code (WUC) 23845 A/B Duct and Nozzle

The cumulative reliability (figure H-1) appears to have reached a
peak of about 120 MFHBF, and is leveling off between 100 and 120 MFHBF.
The most recent six month period (January - June 1976) also dropped by
over 50% of its value in the preceeding (July -~ December 1975) six
month period {(figure H-2), The MMH/FH (figure H-3) is averaging over
the three year period a rate of .194, The EMT/MA has fluctuated within
2,0 hours of 5.5 hours/MA. There appears to be little experience gained
and little value for an average repair time of 6.5 hours which has as
associated cumulative MFHBF of 112.4, while an EMT/MA of 3.7 had a
higher associated cumulative MFHBF of 120.6., There could be a main-
tenance problem, personnel training problem or a poorly designed compo-
nent problem, | believe thi§ problem to be a component design problem
as the cumulative reliability.and six month reliability both dropped in
the period January - June 1976, and the  MMH/FH and EMT/MA increased in
the same period. The data for the graphs in this section are contained

in Table I1V-10,
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SECTION V

OPERATIONAL AVAILABILITY

Figure L is based on data contained in the Readiness Improvement
Status Evaluation (RISE) reports, published by Naval Air Systems Command.
A sample RISE is shown in A»pendix tIl, The TF30PL412A has been the num-
ber one ranking contributor to operational readiness degradation of the
F-14A for the period August 1975 - July 1976, At first glance the
chart in Figure L shows that in each month the largest contributor to
Not Operationally Ready aircraft was due to supply. Consummables are
a problem, but this should be greatly alleviated in January 1977 when
fan blades will be readily available. Even so, is supply the real
problem or actually the result of an initial poor effort in the Research
and Development phase. "~ All too often they blame the supply system for

our lack of operational readiness, when in fact if we put more effort

and money into Research and Development and emphasized ECP contro! in
production, we would have a much smaller supply problem, An ECP that
takes four to five years or longer to incorporate is a questionable
change because of its impact on parts control, logistics, and cost.

The Naval Air Systems Command Engine Logistics Branch has taken the

initiative and requires a cost analysis (over the life cycle of the

change) on every ECP submitted.

T N

The Navy has a inherent supply problem due to the fact its air-
craft operate from aircraft carriers at sea; so the last thing it needs
is to proliferate the parts availability problem by flooding the system

with ECP's. .
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In a GAD report published in August 1976, it was reported that the

operational readiness of the F-14A was 37.2 percent in calendar year
: 1975. (10:223)

The TFBOPhIZArengine components have a relatively high Inherent
Availability, as shown in Table V- I, Inherent Availability is the prob-
ability that a system will operate effectively at any specific time in an
ideally supported environment ( all tools, spare parts, manpower
available, etc.). It excludes scheduled maintenance time, logistics, and
administrative down time,

The Exhaust Section and the Afterburner Duct and Nozzle Work Unit
Codes have been the lowest elements of the engine in Inherent Availability
(except for WUC 23B00, the removal and catch all WUC). The low
Inherent Availability in these two sections should be expected from the

previous Sections' analysis, which showed them to have a low reliability

and a high number of MMH, It could be reasoned that if a section of the
engine is low in availability, then the total engine will suffer the
consequences. An aircraft engine is only as good (reliable, dependable,etc.)
as its weakest link, and if one link is not functioning to its designed
performance, it could lead to reduced engine performance, engine loss,
aircraft loss, aircrew loss, etc. Inherent Availability should be used

in the Test and Development Phase as a design-to specification.

The August 1976 GAO report also stated,

Spare parts shortages were present at Miramar (Calif.)
and Oceana (Va.) Naval Air Stations and on both cruises in which
the F-14A's have taken part. Many F-14A’s have been maintained
in operating condition through the process of removing {cannibal-
izing) parts from other aircraft, (10:223)

. i
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.INHERENT AVAILABILITY

TABLE V - |
_Wuc__ A My + MTBF Mon CUM_MTBF
3 23800‘ 0.871 115.78 14.88 100.9
23B10 0.976 286.82 6.92 279.9
23820 0.987 139.27 1.87 137.4
g 23830 0.987 667.78 8.48 659.3
) 23840 0.940 92.12 5.52 86.6
23B60 0.974 187.47 L.87 182.6
23B70 0.965 128.10 4.50 123.6
23845 0.954 117.82 5.42 12,4

A lack of definition and emphasis on reliability in the past has
caused the Navy to be faced with increasing Life Cycle Costs and less
than desired operational readiness. Integrated Logistics Support (ILS)
was supposed to buffer reliability, but has been relatively ineffective
due to two factors:

1. The logistic pipeline has grown in length and size requiring a

complicated and increased supply system to keep it functioning.

2. The high degree of unreliability of our equipment has over-

burdened the logistic procurement system. (18:13)
Vice Admiral Hcuser, Deputy Chief of Naval Operations for Air
Warfare, described the spare parts situation with the F-1LA this way:

To go out and purchase great amounts of these (weapons
replaceable assemblies and shop replaceable assemblies), while we
didn't know how many or how frequently they were going to fail, or
at what rate, would have been irprudent,

So, we decided to take our lumps on lower readiness initially,
but without ending up with an excessive amount of spare parts,
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particularly of the high value type. This has been true of the
F-14... and it will be true in the future. We don't know as much
about spares failure rates as we should, but we hopz to buy the right
quantitias as the aircraft matures. (10:283)

o

Having relied on maintenance and supply pipelines for years, it might
) be difficult to reverse the trend and begin developing more reliable sys-
tems, but the pay offs in operation and support costs would more than

compensate for the increased costs of more effort in the Research and

Development Phase.

.
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SECTION VI

CONCLUSION

From the TF30P6 engine to the present TF30PL12A engine, there have
been 451 power plant changes approved for incorporation. A proliferat-
ing spare parts problem, due to unreliable components of the TF30P412A
has greatly affected the operational readiness and capability of the
Navy's newest front line fighter aircraft. Mr. Willis J. Willoughby
said:

To repair some two million failures, the Navy is currently
spending more than $.5 billion per year on spare parts alone--

and this is a peacetime environment! Combat engagements

would quickly sever this umbilical to the beach....Furthermore,

readiness is not reliability. A capability to launch a mission

doesn't guarantee its successful completion if it involves

unreliable hardware; repairs stop when the mission begins. (18:13)

A mission cannot begin with the F-14A, if its engines are not func-
tioning properly. Reliability and Maintainability play an important role
in the determination of availability, logistics, spare parts and life
cycle cost. Availability is also influenced by the logistics system,
spare parts and life cycle cost. Once the desired inherent availa-
bility is decided upon, Reliability and Maintainability must be designed
into the system to be able to meet that requirement. The Naval Material
Command has established new guidelines within the scope of the current
DOD and SECNAV policies to more clearly delineate a new methodology for
implementing reliability programs in weapons system acquisition:

1. Set essential reliability requirements through the

OR and DCP

2, Place Reliability criteria on a level with technical
performance criteria

Demand reliable desian concepts

Minimize dependence on support

5. Ensure reliability by design not by chance (18:14)
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SECTION VII

RECOMMENDAT 1 ONS

The following recommendations are based on the preceeding analysis:

1.

The Navy should continue with its recent trend of placing
greater emphasis on reliability by setting requirements

early in the conceptual phase and placing it on a level

with technical performance in importance.

It is recommended that increased scrutiny be given to

approval of ECP's, A new design requires quantitative evi-
dence that it is necessary and will improve the performance

of the system., It also must be worth the cost of producing
and be acceptable to the government. Fixed repair cost
clauses (warranties) might be useful in incentivizing con-
tractors to design in higher reliability.

The Navy could spend a total of about $1.7 billion to complete
development and equip the entire F-14 fleet with a new engine
like the F-L4O1 (571). The new engine offers improvements
important to the F-14A in its force projection mission,
especially in air-to-air combat. (7:2) The GAO recommended
that the Secretary of Defense evaluate the benefits to be de-
rived from utilizing the new engine versus the cost of develop-
ing, producing and retrofitting it into the fleet. The Navy's
primary concern should be to obtain a new engine with a high
enough reliability to enable the operational availability to be

improved instead of the importance of increased thrust,

57

R i i v i s M




L, The Air Force and the Navy are forming Aircraft Engine Program
Offices which | believe is due to the fact that engine design
has been lacking and most of our present aircraft engines were
built on technology over ten years old, | think this is a
positive step and should improve aircraft engine design re-
liability and will allow the proper Research and Development
to be accomplished on this long-overdue area of system develop-
ment. Consideration should be given by Secretary of Defense to
establishing the Navy and Air Force Program Offices into a Joint
Engine Program Office. By obtaining<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>