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EXECUTIVE SUMMARY

Af ter a brief discussion on the TF3OPLeI2A engine 1 s history and the

operationa l capabil ity of the F— l 4A airc raft , the repor t rev i ews the

current Milita ry Specification for demonstrating airc raft engine perform-

ance of new l y developed airc raft eng i nes . The effects of the Component

Improvement Program , Rel iability and Mainta i nability are also discussed .

The TF30P141 2A eng ine is analyzed by the Work Unit Codes of its major
-

~~ components and compa red by utilizing Reliability and Mainta i nabil ity

fi gures and graphs. The major Engine components perfo rmance were compared

over the three year period ana l yzed. The Readiness Improvemen t Status

Eva l uation Summaries are used to compa re the eng ines contribution to F-l14A

aircraft degradation over the period July 1975 — Jul y 1 976. Eng i neering

Change Proposal (ECP) incorporation and its affect on the logistics support

system is also ana l yzed.

It was concluded that in orde r to cure a proliferating spa re parts

proble m , more effort and money would be required in Resea rch and Develop-

ment of new engines . ECP’s wil l  have to be mo re ca refull y 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 Airc raft

Engine Program Office , and tha t a Reliability and Maintainability Analys is

be conducted on all turbofan eng i nes .
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SECTION 1

INTRODUCTION

Purpose

The aircra ft eng ine log istic support system has gr~ rln excessively

comp lex due to poor reliabili ty and mainta i nability of airc raft eng i nes

over their respective life cycles . Many factors have contributed to this

situation , l i ke the dw in dl in g val ue of the dol lar , and aus tere fundi ng

for defe nse , which have made it difficult to acquire new weapons systems ,

and obtain supp ly parts to support them. Excess i ve Eng i neering Change

Proposa l incorporat ion over the years has been influenced by: inadequate

basic engine des i gn , the Component Improvement Program , inadequate Re—

search and Devel opment of engines , and utilizing engines in modern jet

tactica l airc raft orig inally developed using princi p les ga i ned from

commercial aviation . These factors have contributed to a monstrous log is-

t i c  su pport  sy s t e m .

Poor Reliability and Mainta i nability achieved on eng i nes require

more spare parts , Eng i neer i ng Cha nge Proposals and s pare eng i nes in the

supp ly system in order to achieve the desired operational readiness . As

of May 1974, the Department of Defense had invested approximatel y nine

billion dollars in aircraft eng ines , of which approx i matel y one—third was

spent on component improvements . Due to the excessive costs of incorpo—

• ra ting ECP’s and retrofitting during production the question arises , MA re

we develop ing aircraft eng i nes p roperly, or is there a better way?” (6:1)

1 lhis notation will  be used throug hout the report for sources of
quotations and major references . The first number is the source listed
in the bftliography. The second number is the page in the reference .
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The Navy spends approximatel y $200 million per yea r in maintaining

its inventory of aircraft eng ines , and abou t $50 - $75 mil l ion per yea r

on the procurement of spa re eng i nes to fill log istic and maintenance p i pe-

l ines. (5:1)

Upon graduation from the Defense Systems Management College , I w i l l

be ass ig ned to the Nava l A ir Systems Command , Aircraft Eng i ne Log ist ics

• Branch . Therefo re , I wanted to understand in more detail how Reliability

and Mainta i nability influence the log istics support system and availa-

bility of the aircraft eng ines used in the F~ 1LiA tactica l fi ghter air-

craft. I n Ma rch of 1976, Representative Charles H. Wilson (D - California)

commented on the recent loss of an F~ l LiA (probable cause--fuel leak/eng ine

fire.)

The galling problem is that the TF3O engine has been
around since 1959 and is far from a new machine. Pratt and
Whitney slightl y modified it , but the eng ine was to be one
of severa l proven , off-the-she lf i tems to reduce the risk
involved in develop ing the F— 14 . Instead , this powerp lant
has just cos t the Navy another of its mos t expensive fi ghters
and near l” the lives of two of its men ,.,Assoc iatec f fix and
inspection procedures are costl y in labor hours , flying time
and maintenance funds . (10:190)

Rep resentative Wilson ’s frustration and disbelief in the TF30P1412A

eng ine ’s performance are sha red by many peop le involved with it and

illustrate why I think it is important to stud y the TF3OPI412A eng ine

Reliability and Maintainability Statistics.

Defini t i ons

The following terms and abbreviations w i l l  be used in the report and

are presented for contin u ity of thoug ht:

Cumulative - The Mean F li ght Hours Between Fail u re (MFHBF),

2
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etc., calculated over the entire data reported and collected

to that point in time.

Elapsed Maintenance Time (~ 1T) — average time required to

complete a maintenance action regardless of number of per-

sonnel required. It is synonoulous 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 tha t status.

Maintenance Action (MA) — unscheduled maintenance reported

on single copy and multi—copy maintenance action form (MAF)

Maintenance Man Hours (Mliii) — 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. - -

Reliability and Maintainability — RAN L

C 3
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Reduced Material Condition (RMC) - The system can accomp l i sh

part of its mission , but is not Full System Capable (FSC)

due to awaiting maintenance or supp ly for a particular part

of its weapons system .

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

identifies aircraft sub-systems and elements.

Limitations

• Failure definition is an important facet of a Reliability and Main-

tainability (RAM) ana l ys i s. The problem must be ana l yzed for cause , re-

sponsibil ity and prevention , and subsequentl y documented accuratel y.

Additionall y, all three levels of maintenance (organizationa l , interme-

diate , and depot) must partici pate in the documentation effort or else a

l ower l evel requirement could be met by sliding the work to the next level

of maintenance . (8:13)

The Navy 3M Sys tem was util ized for the data collect ion , it is an

extensive data collection system , but it does have some built in m ade-

quacies for the purpose of this report. Additional Work Unit Codes (WUC ’s)

evolved as the eng ine life increased which made it difficult to maintain

continuity in data recording of sub—syst em elements over the total eng ine

l i fe. The Mean Fli ght Hours Between Failure (MFHBF) and Mean Fli ght Hours

• Between Maintenance Action (MFHBMA ) do not consider multi p le installations

within the aircraft , but this data is usable over a long period of time

to indicate trends. I was unable to obtain preventive maintenance hours

spent on sub-systems and elements of the eng ine. The Maintenance ,

Material , Management (3M’) report technica l narrative sheets are disp layed

in Appendix IV .

4

-t

~

- - - ---- -- . - - - - -

~ 

.I.J~~~ ~~~.: _ _ _ _ _ _



—

I wanted to compare the da ta supp l i ed by the Statistica l Calculation

Arid Analysis For The Logistics Of Eng ine Removals (SCALER) Sys tem with

the data obtained from the 3-M S-~stem . SCALER da ta is based on aircraft

eng ine removals documented through the Engine Accounting System (EAS).

M~ iever , I was unable to analyze the data and compa re it due main ly to

the time constraint.

Scqpe

This paper will attempt to illus t rate the correlation and problem

areas of Reliability and Mainta i nability to the logist ics system and

operationa l readiness of the F— 14A TF3OP412A engine . Mr. W i l l i s  J.

Willoughby, Deputy Chief of Nava l Material For RAM , put it thi s way,

A hi gh performance product has l ittle value , even
as a deterrent , if it cannot consistently deliver this
perfo rmance because it is either broken dow n or breaks
dcwn immediately upon being pressed into service. (18:15)

C
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SECTION II

BACKGRO UN D

In the mid—1960’s the Navy was developing the F—lllB to assume the

role of a f lee t  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 threa t

(Foxbat , Flagon, Fishbed , etc., aircraf t, 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 afterburner . 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—lllB aircraft. As a result

of this philosophy the TF3OP412A (present F—14A engine) was developed

from the TF3OP12A engine in the F—lllB by redes igning the nozzles. (4:1203)

The TF3O chronolog ical engine his tory is depic ted in Appendix I. The

inform ation was supplied by the F—14 Program Management Office and Pratt

and Whitney ’s Washington Office.

The F—14A is capable of carry ing a wide varie ty of ordnance to

enable it to accomplish its multi—mission capability :

C
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M6 l—A l Vu l can 20MM Cannon
A IM— 54A Phoenix Missiles (6)
A IM— 7EIF Sparrow Missiles (6)
AIM— 9G/M Sid ewinder Missiles (4)
Bombs - 14 MK-82, 8 MK-83 , or 4 MK-84

The mos t common mix of missiles is two Phoenix , th ree Sparr~~s , and

fou r Si dew in ders wh i ch gives it the mos t flexibility. (4:1204)

The F- 14A was des i gned to enhance maintainability on the TF3OP41 2A

eng i ne. Ready access for engine inspection , repair and oil rep lenishment

is allowed throug h ins tallation of clamshe ll doors on the airframe . More

than 80 percent of eng ine associated maintenance can be accomplished

through these doors . Fou r mechanics can change an eng ine in three hou rs.

(17:37) The JTF— l OA (TF—30) was developed in the late 1950’s as the firs t

turbofan engine with an afterburner. (16:734) Since it had ten yea rs

of deve l opment and improvement , the TF3O eng ine was cons i dered (in the

late 1 960’s) a very l ow— risk item . The F— l 4A transitioned to the fleet

on Octobe r 12 , 1972 , and did not lose a sing le aircraft in its firs t

10 ,000 fly ing hou rs . (4:1205)
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SECT I ON III

STANDARDS AND DEMONSTRAT I ONS FOR
AIRCRA FT ENGINE RELIABILITY AND MA I NTA I NABILITY

An aircraft engine will ma lfunction due to either aerodynamic and/or

• mechanica l problems. Aerodynamic problems are related to basic des i gn

• defects or the resu l t of mechan ica l problems (fuel contro l , etc.).

Mechan i cal p roblems rela te to broken par ts, and par ts fa i l due to any

of severa l causes. A par t i ncorrectly manu factu red , foreign object

damage , applied loads under operating conditions greater than the part

will bea r, part fati gue and wea r out can all affect the usefu l life of

a part. (8:12)

The design specifications must detail information on the environ-

ment in which a p i ece of equi pment will be operated . Loads to be app lied

(G— l oads), air temperature , and corrosivity of the service environment

must be specified or reliability theory wil l  be of little value. A

comprehensive design specifi cation including operating environment ,

quality, des i gn envelope , and reliability is essential in establishing

minimum performance criteria . (3:33)

Reliability is the probability tha t 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-

ta i n a bi l ity is the probability tha t a system/equi pment will be repa i red

to an operating condition in a g iven period of time utilizing standard

• procedures . In Chapter IV , Mean Flig h t Hours Between Failure (MFHBF) and

C
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Mainte nance Man Hou rs Per Fl i ght Hou r (MMH/FH) wil l  be used to illustrate

RAM figures . The relationshi p of RAM wit h increasing time is illustrated

in the normalized chart below.

l .0

: MAINTA I NABILITY

RELIABILITY

‘I

TIME

As time increases the probabilit y of the system/equi pment operating

withou t failure decreases and the probability of repairing a ma l function

increases wi th the increase in time .

Aircraft eng i nes have been developed by the milita ry using standa rd

specifications and associated milestones . The Prelimina ry Fli ght Rating

Test (PFRT) Consists of ten cycles of six hours duration on an eng ine

to prepa re it for fli ght test . Eng ine parts must also comp lete sixty

hours of endurance testin g to be jud ged as successfull y comp letin g the

PFRT. (9:1)

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

of 150 hou rs each , conducted on each of two eng ines. Each endurance

9
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test wil l consist of twenty-five cyc l es of six hours each . Engine parts

must also pass the two 150 hou r endurance tests to be judged as qualif ying.

The MQT is used to show that the eng ine meets specification requirements

and is suitable for production . The successful completion of MQT also

starts the engines Component Imp rovement Program (CIP). This means tha t

al though the engine has passed MQT and is approved for production , it

is still not fully developed and tested , and wil l  require more deve l op-

ment to achieve its highes t capability. The comp letion of MQT takes the

engine out of Resea rch and Development funding and qualifies it for fund-

ing by procurement dollars in the production phase. (6:6) Many areas

of additiona l costs are affected by CIP deve l opments as suggested by

the follow in g list:

1. purchase of modification/retrofit kits
2. depot costs to install
3. cost to rework old parts into new desi gn
4. cost of scrapp ing usable but obsolete parts
5. more frequen t maintenance on newer eng i nes
6. cos t of i nvestment in engine spa res to support

early production eng ines (6:15)

— The contractor is required to perform a maintainability /maintenance

demonstration on an engine substantiall y similar to the MQT endurance

test eng ine and have an accumulated eng ine operating time of 300 hours

or more. The prima ry parameters for assessing eng ine maintainability

are Maintenance Man Hou rs/Engine Hours (MMH/EH). (9:67)

The qualification tests , specifications and RAM fi gures must be kept

• in perspective throug hou t eng ine development. Mr. W i l l i s  J. Willoug hby

(Deputy Chief of Nava l Material for RAM) wrote tha t in the past the

reliability requirement Las not been tied to the des i gn of a system

10

‘I

_ _ _ _ _ _



but was linked to surpassing a numerica l goa l at the end of Full Scale

Deve l opment. Me furthe r stated ,

More typ i ca l l y reliability “demonstration ” is hig hly
questionable because of tes t conditions and samp le sizes
chosen . When only numerica l reliability is specified as a
requirement , it is used too often as an illusionary hurdle to
be overcome by any means available other than fundamenta l

• des i gn cons i derations. Th is  is indeed a sad state of affa i rs
since des i gn reliability is the key to successful equi pment
operation throughout its specified lifetime . (18:13)

Appendix II shows the major Pre MQT development objectives and milestones ,

and some of the si gnificant Post MQT problem a reas (information

prov i ded by the Pratt and Whitney Washin gton , D.C . Off ice). It is

interesting to note that the deve l opment cost of the TF3OP41 2A eng ine

throug h MQT was $ 21 .7 million.
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- SECTION IV

ENGINE PROBLEM AREAS AND
RAM ANALYSIS

Current Problem Areas

The F- 1 4A ’s engine trouble began in A pril of 1974, with the loss of

its first aircraft to first stage fan blade failure in the TF3OP41 2A.

Since tha t time a total of six airc raft crashes have been attributed to

the failure of some part of the TF3OP1+l2A and it is the suspected cause

i n a seventh aircraft loss. The F-lI4A aircraft losses throug h Ma rch

of 1976 are shown in Table IV —l:

Table IV- l

F— l4 LOSSES /DAMAGE DUE TO ENGINE/FIRE PROBLEMS

A/C DATE CAUSE

6* Jun 1973 A IM-7 Co llision

2 May 1974 Hydrazine EPU B-Nut

18 Apr 1974 Firs t Stage Fan Blade

53 Jul 1974 Firs t Stage Fan Blade

8 Sep 1974 Third Fan Disc

43~: Jan 1975 Third Fan Disc**

62~ Jan 1975 Th i rd Fan Disc~~
t

- 98 Jun 1975 First Stage Fan Blade

17 A ug 1975 Vent Tank Overfill

l37~ Oct 1975 Th ird Fan Disc

l27~: Mar 1 976

*Lo sses
**Probabl~ Cause
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The Pres i dent si gned a bill 
•
on July 14, 1976, authorizing an un—

requested $15 million for resea rch and deve l opment of new eng ines for

the F—l4 . Procurement of either eng ine (Pratt and Whitney F40l or

Genera l Electric FlOl) p lanned for the F_ lL e has been estimated in a

GAO report at app roximatel y $1 .7 billion . (10:139) The rep lacement

engine wil l  not be available for operationa l use until the 1980/81

• time period , which ma kes it necessary for the Navy to repair the TF3OP41 2A .

• Repa i rs are underway for the TF3OP41 2A in three major a reas :

1. Stage 1 fan blade distress

2. Stage 3 fan disc failures

3. Stage 2 turb i ne sea l failures
(see pages B3 to BL+ appendix II)

The Navy estimates that it w i l l  cos t p ;ox i mate ly $86 mil l i o n  to

eliminate the problems tha t have ari E -, in the TF3OPL+l2A in the past

two yea rs . (10:138)

The Navy also has initiated a Reliability Improvement Program to

imp rove the relia b i l i t y  of the TF3OP1+12A hi gh failure rate i tems . In

Tab e IV— 2 I have comp iled a list of eng ine sub-systems components that

accumulated at least ten failures over the two-yea r period , Jan . 74 —

• Dec . 75. Severa l items listed (combustion chambe r , A/B Nozzle Segments

Assembly, A/B Nozzle Segments Sea l , Main Fuel Control and A/B Fue l

Control) show up as hig h failure rate items and should be analyzed for

possible improvement. The indi vidua l inherent availabilities were

computed , us i ng the actua l data from the three yea r period ana l yzed ,

by the following formula:

MFHBF/MFHBF + hct
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TABLE IV-2

Engine Elements With Ten Or More Failures

Jan 74 - Dec 75

MFHBF Based On Total FH 39,971
Tot

WUC Fa i l ures MFHBF No~n c l at ~j r~

238 11 .00 7 + 8= 15 2664.7 Fan Inlet Case

• 23B12 .1O 3 + 7= 10 3997.1 Firs t Stage Comp res~ r.r Stator Vane

23B1A .1 0 16 # 1= 17 2351. 2 Front Compressor Rotor Blade

23B1B 7 + 4= II 3633.7 Rea r Compressor Rotor Assembl y

23823.00 175 +38=213 187.6 Combustion Chambe r

23B3 1 .60 31 + 9= 40 999.2 1st Stage Turbine Stator Vane

23845.54 55 +18= 73 5147.5 A/B Nozzle Sea l

23B45.56 8 + 14= 12 3330.9 A/B Nozzle Cy linde r

23BLi5.57 38 +37= 75 533.0 A/B Nozzle Segments Assembl y

23845.58 13 +35= 48 832 .7 A/B Nozzle Segments Sea l

23849 20 + 3= 23 1737.9 NOC

23B61 8 + 5= 13 3074.7 Main Fuel Pump

23B62 33 +36= 69 579.3 Main Fuel Con tro l

23866 2 +21= 23 1737.9 Fuel Nozzle & Support Assembly

23868 7 + 3= 10 3997.1 Main Fuel Sys tem Tubing

2386A 13 + 14= 17 2351 .2 Fuel Filter Assembl y

23B7 l Il + 9 20 1 998.6 A/B Fuel Pump

J
. 23B72 29 +38= 67 596.6 A/B Fue l Control

23B76 9 + 4= 13 3074.7 A/B Fuel Tube

23B77.OO 10 +14= 24 1665.5 Hydraulic Fuel Pump
C

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

14

~ 

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



~~~

-_- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— — - - - - - - . _

A l l  of the da ta list ed in Tab les IV , V , and the grap hs A-L were

comp iled from data ob ta i ned from the Navy Maintenance and Material

Management (3-M) Information Sys tems . This data will be used to

ana l yze each of the major eng ine components in the following chapters .

Figure J. shows the cumulative reliabilit y (over the three yea r

data period ) of each major component of the TF3OPL+l2A eng ine . It does

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

tions and effects . These i tems will  be discussed in more detail in

the following Sections. It w i l l  also be hel p ful in reading the follow-

ing sections to keep in mind tha t the TF3OPL+l2A eng ine is operating with

a 1 ,000 hour Maximum Eng ine Operating Time (MOT) between overhauls . It

presently has a 225 hour inspection interva l in which the basic eng ine

inspection elapsed maintenance time is 15 hours 35 minutes.

C

15

-S

~~
_
~~~~~~~i

.. _
~~~~~~~~

______v__ 



—---5--— - - - —-_— - -- _--—•—_--- --— --_ -~~~ ------ - - -- _ -- -__----- - -S- - S_ -S S-5~~ -55-S~ 
;T~~~~~~~~~~~~~~

— — ---_— -_ - - —  -

S

rJIZ ZON
- i~~ 13110 VV

-: - - c+7~ z ~fl?~

S 

f /5-

~~~ 
1~ IlJ 9/V

- _  

. 

- 
~~~~~~~~ 

oL9~z ~~

~: 

_____________ 

13IIJ NIVW

IS 11 VHX 3
0~19~~ 3flI~

?7 
7ftL7Z7L7L7f27J7L7Z527Z1

o
~~~~~~~~~~

*M

~
7 ~~~~ 

/7

- 

.6A~~~ 
o~a~~ 311I’~

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

• 

- 
3NI~ N3

-

• 
.
5, OO9~~ 311M

I I I

0 0 0 0
o 0 0 0 0 0

I (9L ~Nnr) J9H~W Wfl3 

—

5 

— - -  

~~~
-
~~~~~: ~~~~~~~~ 

- 

~~~T ~~L~~ T —~ J 1 T ~i~ 11. -



Work Unit Code (WUC) 23B00 TF3O Engine

This WUC is used when the eng ine is removed from the aircraft due

to either component failure , inspections , or overhauls. It is also —

used to record engine element failure and mainten ance not covered by

a lower code. The MFHBF (figure A— I) of this WUC (which is closely

associated with MTBR - mean time between engine removals) appea rs to

be leveling off at approx i matel y 100 hours between failure . The h i gh-

est reliability (fi gure A—2) was obta i ned in the July - December 1 973

time period (about 260 flig ht hours between failure) and the lowest

MTBF occurred in the Janua ry - Jul y 1975 time period , about 67 fli ght

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

is partially attributable to the firs t stage fan blade and third stage

disc prob l ems . Three aircraft were also los t in the period Janua ry —

Jul y 1 975 due to these eng ine problems .

The cumulative MMH/FH appea rs to be remaining constant at 2.1+5 MMH/FH

(fi gure A— 3) over the past l-~ yea rs. The Elapsed Maintenance Time Per

Maintenance Action (figure A_ L+) has been erratic but appea rs to be

settling dow n between 114.0 and 16.0 hours per maintenance action . Th i s

could be the result of not enoug h personnel being used on these mainte —

nance actions , inadequate skill levels being assi gned , and/o r maintenance

personnel not lea rning from experien c~e. The da ta for the grap hs is con—

ta m ed in Table IV—3.

C
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Cum MMH/FH vs Cum FM
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r
Work Unit Code (wuc) 23810 Comp ressor Section

Fi gure B-I shows tha t desp ite a severe d rop in cumulative MFHBF

in mid—1 975, it rose within six months to approximatel y 275 cumu la—

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

mid-1 975 in cumulative MFHBF is exp lainable by noticing tha t the six

month MFHBF (fi gure B—2) for January — June 1975 was at its lowest
S 

point (184 MFHBF) in the three years analyzed . The first stage fan

blade failures and third stage fan disc failures were dom i nant p roblems .

The firs t stage fan blade fail ures were attributed to hea t stress corro-

sion during fabrication . Powe r Plant Change - 438 was issued to retro-

fit the eng ine fleet with new l y des i gned hig her quality fan blades .

Revision A to Power Plants Bull etin - 57 prov i ded a one-time eddy-

current inspection of fan blades in ins talled eng ines to check for

inter gra nu lar corros i on crackin g.

The MMH/FH (figure 6-3) rose to a hi gh of .32 MMH/FH at 27,814 cumu-

lative fl i g ht hours and has since d ropped to .20 MMH/FH after 59,31+1

cumulative fli ght hours. The hi gh rate of MMH/FH again was probabl y a

result of Power Plant Changes 438 and 439, an eccessive number of

fodded eng i nes due to faulty blades , and/or excessive air sea l wea r ,

and QEC (quick eng ine change) Kit s received without all the necessary

accessories . The average maintenance time/maintenance action (fi gure 6-1+)

renam ed hi gh (approx i r-~ te 1y 8.0) until after about 1425 repair actions ,

when the elapsed maintenance time per maintenance action (EMT/MA MTTR)

decreased rap idl y to a little over two hours per maintenance action at

about 750 maintenance actions . This grap h suggests tha t the maintenance

personnel becan’e fam iliar with the repair methods and procedures and

21

-

- — - 5  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~~~~~~~~~~

—-
~~~~~~~~~~~~~~~~~~ —— ~~~~~~~~~~~~~~ 

‘



and their sk ill level increased greatly. This is also evident in

Figure B—5 which shows that the MMH/FH to be decreasing since the

e a r l y  par t  of 1 975. The data for the grap hs is contained in Table 1V-4 .
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Work Unit Code (wuc) 23B20 Combustion Section

The reliability of the Combustion Section is steadil y increasing

w t h  increasing fli ght hours (Fi gure C—I). Fi gure C— 2 corroborates

this statement as the hi ghest six month reliability f i gur e was ob-

tained in the period Janua ry - June 1 976. It appea rs from f igures

C-3 and C-1e that the mainten ance man hou rs per fligh t hour and the

ave rage repai r  t ime have increased g rea t l y during the last six month

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

and over tw i ce the time to repair i tems in this section tha n in the

previous 2~ yea rs . Fi gure C-3 shows that the MMH/FH was relatively

stable (around .035) for 1~ yea rs before climbing to .0146. The

increase in MMH/FH and EMT/MA , could be the reason for the increasing

rate in reliability. A conjecture is tha t maintenance personnel appea r

to be taking the time to do the maintenance ri ght the firs t time. The

MMH/FH could decrease again when maintenance personnel have become

familiar with the procedures . Data for the grap hs is contained in

Table IV- 5 for WUC 23620.
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Work Un it Code (wtJ c) 23B30 Turb i ne Section

The turb ine s e c t i o n  appea rs to be a h i ghly reliable component of

the TF3OP14I 2A engine. The reliability dropped to jus t over 500 hou r

MFHBF in the period Jul y 1 9714 — June 1975, but has risen since that time

to over 650 MFHBF (fi gures D-l and D-2).

The maintenance man hours are incr eas ing , but at a lower rate and

the average repair time has decreased from over 18 hou rs to repair after

70 repair actions (January — Jul y 1975) to under 4 hours to repair after

120 repair actions . ~t appea rs that maintenance personnel are becoming

familiar and experienced in turbi n e - section repa i rs . The lower

average repair time and low rate of MMH/FH (figure D—3) appea r to have

influenced the continued increase in MFHBF. The l owest MFHBF point

figure 0-1 also had the highest MMH/FH (fi gure D-3) and Et’IT/MA (fi gure

D—4) associated with it. As repair time decreased the reliability in-

creased , which is a positive si gn for continued increased reliab ility

and mainta i nability with the section of the eng ine . This component has

the hi ghes t reliability (MFHBF) of all the major components of the

TF3OP4I 2A. The da ta for the graphs in th is  s e c t i o n  are conta i ned in

Table IV-6 .

S

30

-- 
-
-- - 

-

~~~~ 

-— : —- -- — - - - - - -- - - 

~, -



650 . Cun~ I’~LFE~~ vs Cu~ Fi t I-irs

- WUC 23B30 TF3CP412A -“

Jan 74-Jun 76

600 . FiEure ~-I ‘ 7’
V

Li.
U)

U.

V

500 I
• 0 10 20 30 ~0 50

~:FFEF vs 6 ~:o Period
900

~ tJC 23B30

Fi~ u rc D— 2 
____

900 • 
h

”--

7CC •

5,

6CC .

5CC .

4CC _ _

31
4

-‘
~~i~~~~~~~~:: ~~~~~~~~ T~~EJTi.. 11~



--S - --S-- -5 — -- 5 -- 5

c~~ n/FE vs Cur. Fit  Ers
- 

~ UC 2 3E30 TF3Oi-4 12A

FlEu re L~-3

I

I

.6 .  
-

x

I
U.
—5-
=
~ .4 .

C

C--)

-
• -,

: .2 I 1 1 I —

0 iC 20 ~C- 40 .~ 5C 60
Cuu Fit  Er’ s (x ic-’)

• S
-‘ 32 --



- AVE Repair TitLe vs

• 20 .0 - CurL Repair  A ct i o n s

- .~uc 23B30

- FlEure D-4

1E.C

12 .0 
-

z--5-

z
LU

S

4.0.

2C ‘~C 6C ~ C 1C~
Cuc: Repair  A c t i on s

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
_~~~1~~~~~~j



-5

~~ ~~ -a- C) (N CV’. LA
- . . - -U JZ  N. 0) U) LA C”.

— — N. (N CV’.
= <  z - - . -

‘.0 -)- U’. — U)
(N (N -a- —

< -a- 0’. (N U’. C)
U) - - -U) N. U’. N.
U. 0’. C) — C) C)

cc’. cc’. -a- ‘.0 ‘C

E < N- ‘C U) ‘.0 U’.
C) C C) C) C)

L) Z Li. . .
< N. 0) — (N —C C) — C) C

L U .  . .
U. < C) N. — 0’. CV’.- -U’. N. U’. 4. 0’.

5-) U- NJ — — C LA
‘C U’. LA ‘.0 ‘.0

U. < -a- -a- 0’. lv’ CO
- -

U’. 0’. 0’. 0) 0’.
U. U’. 4. CD C) -a-

-a- -a- LA 0’. 0)

C —
5-) (0 < ~~ ‘.0 -a- C CD

U. ~ — cc’. LA N. 0’.

‘C
C —

> C-’. --
— ~ ) 4. <N U) ~0 C)

L~ Z — NJ — (N
<N

= L) < U) C’. U’. 4. 0)

‘ Z) C — 0) 0’. ‘C 0’.
I— ~~ .4- — — ‘-0- - -— N. (N (N

— ‘0 0’. -a-
— N. C) ‘0 cc’.

N. C) NJ (N

• E <  <C ‘.0 U) C) -a- NJ
— 4. N- 0’. (N

—

0< <C ‘C (N (N -4- 0)
-5 . i—~~~~ ~~ — <5-— (N (N (N

LA C) ‘0 ~~ ‘C —
• F N. L/’ . 1”. _- -a- -a-

~~ cc’. N. ‘-0 0) cc’. ‘‘.
L) Li. • • .

<N U) 0) N— (N C)’.
(N 4. LA

U’. LA - Z’ (N U’.
N- N. - — (5-’. 0’.

0 r” ’. C”. — U’. 0’.
I-U.  - - - -

NJ ‘C J~ C) -a- ‘.0

CV’. 4. 4- LA LA ‘C
C) IN- 75--’ N-. N. N. N.
cc’.

U U C U C
C. C C) C) C

(N - —  CD ) C) C) ) 3
I I I I I

5- I L  — — (C
C. -~~ D <C

~~ I— ) - -) 
~5. — )

- 
-5-

~

Eàr ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

r.._ s A r L a o r  r _  v—i



Work Uni t Code (WUC) 23840 Exhaus t Section

The reliability of the Exhaust Section appea rs to have been in-

creasing throug h 1 975 and began leve li ng off at approx i mately 85 MF#-#BF

in 1 976 (fi gure E—l ). Over the period Jul y 1975 - June 1 976, the re-

liability has been decreas ing, but will hopefully level off at 85 or

begin to increase again . The MMK,’FH is decreasing to abou t a 1 to 4

ratio (fi gure E-3), yet the average repair time has fluctuated 1 .5 h rs/MA

abou t 5.0 hours per MA . The EMT had dec reased from 6.8 (July - December

1974)to 3.5 (Jul y - 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 fMA during the period Janua ry - June

1 976. The decreasing MMH/FH and fluctuating EMT/ MA cou l d  be in f l uenc in g

the low reliability evidenced in figure E—1 and E—2 . ~iaintenance pro-

cedures for this section as we l l as the elements wh ich make up this

section of the eng ine should be examined for accuracy, content and des i gn .

The data for the grap hs in this section are contained in Table IV—7.

35

— —~~~~~~- - - 

- 
. 

- - 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -- -_- - 
- —

~~~~~
-- -— - -5-- - — -- 

~~~~
- -~~~~~

—-- --5’. ~~~~~~~~~~~~~~~~~~~ 
- --- . . - -~~ -

— 
- _

_—‘--<_~____ -~~~-‘~--- --5 —-5—.- . -_- - ---S - 
- -



Cu~ I~FJ~BF vs Cu:. Fi t  :~r~
~UC 23E4C TF 3 C± — ’42A

// ~u 1 73-Jun 76
70

60 

FIgure ~-i

~0 I
0 1C 20 30 ~0 50 60

Cur: . Fit  hr ’s (x 10—)

~-FFEF vs 6 ~- o  Per icd.
150 -

•-1 UC 23E4 C

Fi~~~re ~ -2

125 -

100~~

~~~75 .  N NN N -

N N
N N N

_  _  _-.

~~~~~-
—

~~ L 7 3  t~~~~~~~~~~~ * U  ~ ~ ~~~1— _ 6 c ~~~ ~ — L ~~r7
36

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
J1 I5-~T 1~~~1~~ T~ ~~



CUU~ ~~~H/F~-r vs cuu Fit Jirs

: 

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

z .2
E

5-)

•1

I I I 1 —

10 20 30 4C 3 ~0 60
Cun Fit Er’s (x 10 )

AvE Re~ air Ti: c vs

Cu~ Rep ai r  ActIon

- ~UC 23B40

FlEure  ~ —47.0

*

6 .0 ’  
/

5.0 I 

/

4 ,0 w

S

I -_ _ _ _ _

3.0 — 

- 2C0 ~CC ~ CC- ~C0 c-cc
CUrL RCC:air ActiOfl E

37

- — -- 5 -  - --,
~~~~ — - —• - . r t . ’ . . _~~

_ T _ V .  —5-- - _  -- — _ -~~~~~~~ — — .— — - — - %-1 - . .1
-5- - ——- -5—- - —---- ._ _-.-_-- —-5 — —-5. -S — -- —— -— - _(__th . — ~~~~~~~~~~~~~~~~~~~ —~~~—.—-.- — -—--5—



—-S . - -  - -.--. . - . . - . -5 ---5— - - - -

N- ~ ‘. — U’. 0-4 C)

U) LA NJ C’. C) C) C

U. ‘.0 0’. 0) (5-5. U)
LA -.0 N- LA

C) ‘C -a- 0 cc’. 4-

~ ..a cu’. cc’. cc’. (N (N
L) Z U .  - - .

~ C) -a- (N — -a-
• Z 4. CV’. CV’. NJ — (‘I

L U .  - - - . - -
EU )  LA ‘.0 U) LA ‘.0 ‘C

-

Z LA LA ‘.0 N. U) U)

U. U’. N- -a- -a- LA —

X Q C ) C ) N J C” .NJ
U. LA ‘.0 0) C’) — 0)
3: — —

N. NJ LA C) CC) LA
5-) (0 4- LI’. N- L/’. 0— CC)

U. — (N C”. -a- ‘.0

0 --  N. LA CV’. LA U) N-
N. ~— r~ - - 

C) (N ~~~ NJ C)C) U. — — — (N
-a-

— 

C”. -a- o C — —C) E X LA 0 ‘C N- C) Q’.
— ) - 3 :  0’. — NJ NJ 0’. 0’.
.0 5-) L )Z  - - - - -
10 C ‘C 0) 0’. cc’.
i— :3 —

-a- -a- C~~ — C) U)
It’. LI’. LA — I” . 05.

3: 0’. — — C) ‘.0 C
3: - - - - -NJ CV’. 04 — 4.

F LA ‘.0 — ‘.0 LA N.

~~ < ‘.0 — CO — — C) .
S.) 3: 04 cc’. LA N. 0

U’. — LI’. (1’. 0’. (N
0<  ‘.0 LA ‘CC CV’. 0’. 05.• — 3:  — — — — C—I

U’. C) ‘.0 —a- ‘C —
E N-. LA (5-’. — 4. .4-

X c.’. N-~ ‘.0 U) C-’. cc’.
~~~ U- - - - . - -(N U) N- NJ 0’.

— (N 4. LA

LA LA ‘.0 0) (N U’.
~J N- N. U) N. cc’. 05.
O Z  cc’. cc’. U) — LA 0’.
I- Lg. - - - -C’) ‘C 0’. 0’. -a- ‘.0

lv’. 4. -a- U’. LA ‘Co N. N. N. N. N. N-

~~~~ 4-< U~ C U C U C
C) ~ C) C) a

( Na  C) — C) — C) —)
(C I I I I I— C — C — C

C x  ~ 
(0 () 

~ 7)
IL) — 

- 
~ ) ) — ) )

C’

‘!$~.IIUIr -—.--—---_— —r - 
~~

— — — - — — ‘ ‘‘.- -‘.- .— - - - — - — - - —- — 5-

-5— — ~~~~~ -~~~~~ — — --5. --.--—---- - ~~~~~~ ---- — 5—----—------- -5— — J~t~_j(( . ~~~~~~~~~~~ ~~~~~~~~~~~~~~~ -5 .— —.~~~~~~ ~~~~~~~~~~~~~~ -
~~



- - — -- --- -~~~ - - - -

Work Unit Code (W(Jc) 23B60 Main Fuel System

The Main Fuel System appea rs to have an inc reasing reliability trend

which  i s l e ve l i ng  of f  around 200 M FH B F ( f i gu re  F-i). There is a possi-

bility tha t the cumulative MFHBF will rise more since the last two six

month per i ods have had MFHBF va l ues of over 220 (figure F—2). The

Mi-Il-I/PH (fi gure F-3) appea rs to be dec reasing and the El-IT/MA appea rs

. t o be level i ng o f f  a ro un d 6 hou rs per maintenance action . The stable

- 
rel iability and relatively low MMH/FI-I figures sugges t tha t this sec-

tion of the engine continues to perform relatively well . The da ta for

the grap hs in this section are contained in Table IV-8.
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Cum MMH/FH vs Cum Fit Hrs
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Work Un it Code (wuc) 23870 Af te rbu rne r  Fuel System

The cumulative reliability after peaking at 1142 MFHBF at 18 ,000

f l i gh t ho u rs , decreased sl ig htl y and appea rs to be leveling off at

a round 120 MFHBF (fi gure G—l ). Figure G— 2 shows tha t althoug h the

reliability in the past one and a half yea rs is i n c reas ing ,  it is

s t i ll far below the r e l i a b i l i t y  (183 MFHBF) of the July - December 1 974

• period . The MMH/FH figure G-3 have steadily decreased to .166 over

- 
the three yea r data period . The average repai r  t ime ( f igure  G-4) has

a l s o  dec reased s i gni ficantl y from 6.0 to approximately 3.5 hou rs

El-IT/MA . I bel ieve tha t the MMH/FH will remain at its position and

tha t the low r e l i a b i l i t y  is due to a design p roblem due to the fact

tha t reliability was hi ghest when EMT was l owest. The data for the

grap hs in this section is conta i ned in Table IV—9 .
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Work Un it Code (WUC) 23 B14 5 A/B Duct and N oz z 1 e

The cumulative reliability (figure I-I— I) appea rs to have reached a

peak of about 12 0 MF II BF , and is leveling off between 100 and 120 MFHBF .

The mos t recent six month period (Janua ry - June 1976) also dropped by

over 50% of its value in the preceedin g (Jul y - December 1975) six

month period (figure f-1-2). The MMM/Ff-f (figure H-3) is ave rag ing over

the three yea r period a rate of J914. The EMT/MA has fluctuated within

- 
2.0 hours of 5.5 hours /fl.4. There appea rs to be little  experience ga i ned

and little value for an average repair time of 6.5 hours which has as

associated cumulative MFHBF of 11 2 .14, while an EMT/i-1,A of 3 7  had a

h gher associated cumulative MFHBF of 120 .6. There could be a ma i n-

tenance problem , personnel training problem or a poorly des i gned compo-

nent problem . I believe th is problem to be a component des i gn prob len

as the cumulative reliability and six month reliability both dropped in

the period Janua ry — June 1976, and the- MMH/FI-I and EMT/MA increased in

the same period. The data for the grap hs in this section are conta i ned

i n Table tV- b .

- 
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SECTION V

OPERATIONAL AVA I L A B I L I T Y

Figure L is based on da ta contained in the Readiness Improvement

Status Evaluation (RISE) reports , published by Nava l Air Sys tems Command .

A sa mp le RISE is show n in A ppen dix II I . The TF30P41 2A has been the num-

ber one ranking contributor to operationa l readiness degradation of the

F—b14A for the period August 1975 - Jul y 1976. At firs t glance the

chart  in Figure L shows that in each month the largest contributor to

Not Operationall y Ready aircraft was due to supp l y. Consummab les are

a problem , but this should be g reatly alleviated in Janua ry 1 977 when

fan blades wil l  be readil y available . Even so , is supply the rea l

problem or actuall y the result of an initial poor effort in the Resea rch

and Development phase . 
- All too often they blame the supply system for

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

and money into Resea rch and Development and emphasized ECP control in

production , we would have a much smaller supp ly prob l em. An ECP that

takes four to five yea rs or longer to i ncorporate is a questionable

• change because of its impact on parts contro l , log istics , and cost.

The Nava l Air Systems Command Eng ine Logistics Branch has taken the

initiative and requires a cos t anal ysis (over the life cycle of the

-5 
- change) on every ECP submitted .

The Navy has a inherent supp l y problem due to the fact its ai r—

c r a f t  ope rate from ai rc raft carriers at sea ; so the last thing it needs

is to proliferate the parts ava il abM ity problem by flooding the system

with ECP ’s.

- 
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In a GAO report published in August 1 976, it was reported that the

operationa l readiness of the F- 14A was 37.2 percent in ca l enda r year

1975. (10:223)

The TF3OP41 2A engine components have a relativel y high I nherent

Availabi li ty, as shown in Table V— I. Inhe rent Ava ilability is the prob-

abi li ty that a system will operate ef f e c t i v e l y  a t  any s p e c i f i c  time in an

i deally supported environment ( all tools , spa re pa rt s , manpower

av a i l a b le , etc . ) .  It excludes scheduled maintenance time , logistics , and

admin strat ive down time .

The Exhaust Section and the Afterbu rner Duct and Nozzle Work Unit

Codes have been the lowes t elements of the eng ine in Inherent Availability

(except for WUC 23B00, the remova l and catch all wtic). 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 hi gh number of MMH. It could be reasoned that if a section of the

eng ine is low in availability, then the total eng ine will suffe r the

consequences . An airc raft eng ine is onl y as good (reliable , dependable ,etc.)

as i t s  weakes t l ink , and if one link is not functioning to its designed

performance , it could lead to reduced engine performance , engine loss ,

aircraft los s , aircrew 1o~;s , etc . I nherent Availability should be used

in the Test and Deve l opment Phase as a des i gn-to specif ication .

The Augus t 1976 GAO report also stated ,

Spa re parts shortages were present at Mir ama r (Calif .)
and Oceana (Va.) Nava l Air Stations and on both cruises in wh i ch
the F-114A ’s have taken part . Many F- 14A’ s have been maintained
in o p e r a t i ng  cond iHon  throl.-ah the process of reroving (cannibal- —
i zing ) parts from other aircraft. (10:223)

- 
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I NHERENT AVA I L A B I L I T Y
TABLE V - I

WUC 
- 

Mr~ + MTBF CUM MTBF

23B00 0.871 11 5 78 14.88 1)0.9

23B10 0.976 286.82 6.92 279.9

23B20 0.987 139.27 1.87 137.4

23B30 0.987 667.78 8.48 659.3

23B40 0.940 92,12 5.52 86.6

23B60 0.974 187.47 4.87 182.6

23B70 0.965 128.10 4.50 123.6

23B45 0.954 117 .82 5.42 112 .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 des i red operationa l readiness . Integrated Log istics Support (ILS)

was supposed to buffe r reliability, but has been relatively ineffective

due to two factors :

1. The logistic p i peline has grown in length and size requiring a

comp licated and increased supp l y system to keep it functioning.

2. The hi gh degree of unreliability of our equi pment has over—

bu rdened the log istic p rocurement system . (18:13)

Vice Adm i ra l Hcuser , Deputy Chief of Nava l Operations for Air

Wa r f a r e , described ~he s r - i~~’~ p~’ r r~ s~~~u~~H c - ~~-i it ~ t e  ~— 1~~A t~’ i s  w a y :

To go out and purchase great amounts of these (weapons
rep laceable assenbfles and shop rep 1~ ceable assemblies), while we
d idn 1 t know how many ‘.r how frecuent l y they were going to fail , or
at wha t rate , would have been i~~pruden t .

So , we decided to take our lu rps  or lower readin ess ini t i a fl y,
but withou t end ing up w i t h  an cxcess ive a— oun t of spa re parts ,

- 514
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particularly of the hi gh value type. This has been true ~f the
F— lk ... and it w i l l  be true in the future . We don ’ t know as ru ~~h
about spares failure rates as we shou ld , but we hu -3 to buy the ri g ht
quantiti- e c as the aircraft matures . (10:283)

Having relied on maintenance and supp ly p i pelines for years , i t mi ght

- be difficult to reverse the trend and begin develop ing more re li able sys-

• tems , but the pay offs in operation and support costs wou ld more than

compensate for the increased costs of more effort in the Resea rch and

Development Phase .
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SECTION V I

CONCLUS I ON

From the TF3OP6 eng ine to the present TF3OP4I 2A eng ine , there have

been 451 power p lant changes approved for incorporation. A pro li fe rat-

ing spa re parts problem , due to unreliable components of the TF3OP4I 2A

has greatly affected the operationa l readiness and capability of the

Navy ’s newest front line fi ghter aircraft. Mr. W il l i s  J. W i l l o ughb y

said:

To repair some two mi l l i o n  failures , the Navy is currently
spending more than $.5 b i l l i o n  per yea r on spare parts alone——
and this is a peacetime environment! Comba t engagements
would quickly sever this u m b i l i c a l  to the beach~~ .. Furthermore ,
readiness is not reliab i l i ty. A capability to launch a mission
doesn ’ t gua rantee its successful comp l e t i o n  i f  i t i nvolves
unreliable ha rdwa re ; repa i rs stop when the mission beg ins. (18:13)

A mission cannot beg in with the F— l 4A , if its eng ines are not func—

tion ing p roperl y. Reliability and Maintainability p lay an important role

in the determ i nation of availabi l ity , logi stics , spare parts and life

cycle cost. Ava i l a b i l i t y  is also influenced by the log istics system ,

spare parts and life cycle cost. Once the des i red inherent avai la-

bi l i t y  i s  decided upon , Reliab i l i t y  and Mainta i nability must be desi gned

into the system to be able to meet tha t requirement. The Nava l Material

Command has established new guidelines within the scope of the current

DOD an d SECNAV pol i cies to more clearl y delineate a new r~ethodology for

imp ler~en ting re l i a b i l i t y  progr ans in weapons system acq- ji sit i an :

1 . Set essential reli a b i l i t y  requirements throug h the
OR a nd DCP

2. Place Re l i a b i l i t y  cr i ter i a on a leve l with technica l
performan ce criter -]

3. Demand re l iab l e desi gn concepts
L4 h i n i r- -ize dependence on support
5. Ensure re l i ab Mi ty b y desi gn not by chance (18:14)
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SECTION V I I

RECO hM EN D AT I ONS

The following recommendations are based on the preceeding ana l ysis:

1. The Navy should continue with its recent trend of p lacing

greater emphasis on reliability by setting requirements

earl y in the conceptua l phase and p lacing it on a level

with technica l performance in importance.

2. It is recommended that increased scrut iny be given to

approva l of ECP’s . A new desi gn requires quantitative ev i-

dence tha t it is necessary and wi l l  improve the performance

of the system . It also must be worth the cost of p roducing

ar-i d be acceptable to the government. Fixed repair cost

c lauses  (war ran t i es )  might be useful in i ncentiv i zing con-

tractors to design in hi gher reliability ,

3. The Navy could spend a tota l of abou t $1 .7 billi o n  to comp lete

development and equi p the entire F-l ’4 fleet with a new eng ine

li ke the F— 140l (571). The new eng ine offers imp rovements

important to the F— l 4A in its force projection mission ,

espec ia l l y  in air -to-air comba t. (7:2) The GAO recommended

that the Secreta ry of Defense eva luate the benef i ts to be de-

rived from utili z ing the new eng ine versus the cos t of develop-

ing, producing and retrofitting it into the fleet. The Navy ’s

prima ry concern should be to obtain a new engine with a hi gh

enough reliability to enable the operationa l availability to be

imp roved instead of the importance of increased thrust.
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4. The Air Force and the Navy are forming Aircraft Engine Program

Offices which I believe is due to the fact tha t engine design

— has been lacking and mos t of our present airc raft eng ines were

built on technology over ten yea rs old . I think this is a

positive step and should improve aircraft engine design re-

liability and will  allow the proper Resea rch and Development

to be accomp lished on this long-overdue a rea of system deve l op-

ment . Consideration should be g i ven by Secreta ry of Defense to

establishing the Navy and Air Force Prog ram Offices into a Joint

Eng ine Program Office . By obtaining more commonality of eng ine ,

spa re parts , over—haul facilities , training, etc., it would

increase the log is tica l support of both services and enhance

operationa l availability .

5. During the Model Qualification Test the engine should be put

throug h as much of a mission test as possible . NAVA I RS Y SCOM

personnel have said tha t on new eng ines the Navy is requiring

a 1 ,000 hour mission test (altitude testing, vibration measuring,

throttle movement , etc.). This type of qualification should be

incorporated in MIL—E-50007D (genera l aircraft eng ine specifi-

cation for turbojets and turbofans) as it w i l l  p lace more em—

phasis on Research and Deve l opment and correcting problem a rea s

prior to the production phase.

6. Further study should be underta~en to compa re the TF30P412A

• turbofan eng ine to the other turbofa n eng ines (i .e., TF30P408,

TF3L+ , etc.) This study should compa re Rel i ability, Mainta i n—

a b i l i ty. Opera t iona l and Inhere-~t A v a i l a b i l i t y ,  and costs to

ach ieve  each leve l of ope ra t i on a l a v a i l a b i l i t y .
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A P P E N D I X  I

TF3OPL+l 2A Chronolo g ica l His tory
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TF3OP412 Chronology

A pril 1959 Desi gn spec for comme rcial version of TF3O (JTF1O) started

Dec 1959 Fi rst experimental JTF-lO run in test cell

Jan 196 1 I n i t i a l  run of TF3O eng ine

Oct 1962 Initi a l  run of TF3O P-i

Dec 1 9614 First fli ght F — i l lA

Jun 1965 First production TF3O P-l delivered for F-l i lA

Jul 1965 Firs t Flig ht F-l ilA with TF3O P-1 . Also first delivery Navy

version of P—i for F - ll i B

Mar 1 967 Initial  run TF3O P— l2

May 1 968 Firs t production delivery TF3O P-l2

Jun 1 968 First fli ght TF3O P— 1 2 in Navy F — l i l B

Aug 1970 Prototype TF3OPLi .12 eng ine delivered for F- 1 4A

Dec 1970 First flig ht F-l~4 with TF30P412

?
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APPE N D I X I I

PRE MQT DEVELOPMENTS , MILESTONES ,

AND POS T MQT PRO B LEMS
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Pre-MQT Development

Prog ram Objectives

I . Adapt P-12 mode l to F— 1 14A installation requirements

2. Improve P-i2 performance to sat isf y F— 1 4A requirements

3. Maintain wei ght at 3,949 lbs .

- 4. Achieve engine and F-11-+ A inlet compatibility.

5. Provide improved , reduced weig ht exhaust nozzle .

- 
6. Improve turbine inlet temperat ure control .

7. Reduced smoke bur—i er .

~~ . Prov i de in-~~nt nance ~nd d u r - b i l i t y  i rnpruvements for know n prob lem - s

of ear l  er rnod~ l’; -

Pre-MQT Deve l opment

Program Milestones

Milestone Completion Date

I . Prog ram initiated Jan 1969

2. Initia l  distort ion and turbulence test May 1 969

3. Fi rs t eng ine test Nov 1969

L1 Inlet/eng ine com p a t i b i l i t y  test Jul 1970

5. PFRT Aug 1970

6. 1s t fli ght test prototype delivered Aug 1970

7. HOT Mar 1971

8. Penalty test on -~-ai n burner May 1971

9. 1st qualified eng ine delivered Mar 1971

10. Full Scale eng ine test hours thru MQT 2,530

1 1 . Deve l opment cos t thru MQT $21 .7 Mu .
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Si gni ficant Problems Since MQT

PROBLEM 
~~~ 

S O L U T I O N

1 . Eng ine/inlet i ncompatibility 1971 Inproved fan , A/B and A/B
con t rol system

2. 9th comp ressor airsea l 1972 Incorporate stiffe r sea l

3. Hung stall overtemper ature 1 973 None—proposed mm . flow reset

L4 A/B misl i ghts unde r “G” load 1974 Revised i gn iter sense li ne

5. First stage fan blade dur a bi lu ty ’74 Reduced stress by rework (PPC 438)
Redesi gned blade in process

6. 3rd stage fan rotor durability 1974 Ti ghten airse a l fit (PPC 439)
Back-up redesign in process

7. Lack of fan blade containment 1 9714 Containment desi gn T & E in process

8. Hi gh turbine rivet failure 1975 Provide stronger rivet
Back—up redesi gn in process

9. Burner durability 19714 Improved cooling scheme under
development

10. Hi gh t ur b i n e  va ne d u r a b i l i ty 1 9714 Increased cooling scheme under
development

1
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A reas Requiring Special Effort

Prior To MQT (P-1-e12)

1 . Bu rner durability

2. Afterburner durability

a . L ine r

b . Flameho lde r

3. Afterburner performance

a. Augmentation

b. Combustion instability

4. Exhaust Nozzle

a. Fli ght load requirements

b . Panel buckling

c. Inter -panel seals

5. Eng i ne/inlet compat ibility
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SAMPL E R I S E  REPOR T
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