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1. INTRODUCTION

A technological forecast gIves the user a view which shows a path that

progress will probably take if it is not consciously I~ifluenced . The user

will see critical branch points in the road —— the situations where al~ erna—

tive futures are possible —— and gain a greater understanding of the price of

admission to these branching paths : he is brought up against the hard

realities of what he must do to achieve a desired result.

It is vital to remember that a technological forecast is not a picture

of what the future will bring . Few forecasts are ever 100% accurate, but

they are predictions , with a certain level of confidence, within a’ certain

time frame of developments to be anticipated if no efforts are made to

change the course of events. As such, they remain an essential ingredient

of the planning process. Knowing, for example , that the present total

active aircraft inventory of the Navy is X thousand antI that it had declined

approximAtely Y per cent annually since 1970, one could predict with a

reasonable degree of confidence the ni.~ ber of aIrcraft to be maintained in

1980. The further ahead one tries to estimate , the greater the probable

divergence between estimate and reality, but the figure can still be of

value now in predIcting the future workload of maintenance crews, and thus

in setting enlistment quotas.

This example illustrates what is perhaps the co~~onest form of fore-

casting — the extension of historical trends into the future, based on

the assumption (often unstated) that the fu ture  will be a smooth continu-

ation of the recent past. This assumption is rarely justifIable except

for very short—term forecasting ; there are various reasons for trends to

deviate from their extrapolations , one major reason being perturbations

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



due to “unprecedented events”, often Involving technologIcal or social

innovation, or sudden changes in the policy or the econcmic status of the

industry or nation concerned .

The best available forecaat upon which planning can be based is one

that examines both past history (which can be envisioned as providing a

“momentum” toward a particular future), and those external events which

can influence otherwise stable trends. The problem then becomes one of:

o identifying trends of interest;

o extrapolating these to the relevant time—
frame;

o identifying potentially perturbing events;

o assessing the probable effect of these events
on the established trends.

There are various techniques for accomplishing these tasks, all of

which are necessarily judgmental to a grea ter or lesser extent. In a sense,

intuitive forecasting has been perform~d for centuries, and is still of

value where expert opinion provides the best forecast available. However,

many more structured techniques have been developed since the early 1960’s

which are less intuitive and more explicit, so that it becomes possible to

have a forecast checked by several people, just as any engineering design

or calculation can be checked . As Lt. Col. Martino of the USAP stated in

*an introductory work:

*Mar tino , Joseph P.. (ed.) An Introduction to Techno]oc~ cal ForecastIng
(London , England:  Gordon and Breach , 1972). —

/
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One of the simplest methods of overcoming some of the
disadvantages of intuitive forecasts is the use of a
panel of experts. The- notion behind this is that the
interaction between several experts is more likely to
ensure consideration of aspects which any single in-
dividual might overlook . More of the factors bearing
on a situation are likely to be considered , and there
is a better chance that a hidden bias of one panel
member will be offset by a contrary bias in another
member.

Forecasting of this type is generally performed in one of two ways.

A method which is extensively used by the U. S. Fed eral government , es— 
—

pecially the Department of Defense , has had considerable success. This

employs a number of experts meeting together in a workshop, the largest

such group being that assembled for the Air Force ’s Project Forecas t over

a 6—month perIod in 1963, which had representatives from 30 Department of

Defense organizations, 10 non—Dot Federal organizations , 26 universities,

70 industrial corporations, and 10 not—for—profit corporations.

An alternative approach , designed to avoid the well—known problems of

committee action, is the “Delphi Procedure” devised by researchers at the

Rand CorporatIon. This employs a serIes of questionnaires circulated to

the Individual panel members; in the first, they are asked to make their

forecast on the topic of interest. In subsequent rounds, they are provfded

with a composite forecast, which shows the extent of the differences of

F opinion among the members of the panel but preserves the anonymity of the

panelists and their opinions . They are asked to co~~ ent on any disparity

between this forecast and their own , for  example giving argu ments as to

why an event would take place earlier or later than the majority of the

panel believes , and this information is also circulated (without ascribing

a source) in succeeding rounds . — -  

—--‘- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --.‘~~- -- ‘“ _



Conse nsu s—seek iflg ?r ocedur es  similar to these are ut i l ized  i i  the

PALR study providing a forecast of the 1985—1993 environment from the

point of view of aviation logistics requirements. (This methodology is

outlined in the following sec t ion . )  It is generally agreed among the

leading technological forecasters that , as the field progresses ,

The different approaches will prove to be coinpie—
mentary. As additional time, funding and resources
are allotted to technological forecasting, the
synthesis or combination of the various nethodolo—
gies will permit increasingly accurate forecasts
to be tnade.*

*pre~oda, Robert L, “Technological Forecasting and Space Exploration”,
Q.E.D., OctoLer 1966.
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2. TREND/EVENT MET~iCDOLCCY UTILIZED FOR THE PALR PROJECT

The fu tu re  environment is defined in terms of a set of “indIcators ”

descript ive of ch :act e r l s tic s  relevan t to the Int e re s t s  of NAVAIR . Typ~ —

ca]. descriptors  are , for example , aIrc ra f t  procurement  costs , annual fuel

expenditure , operational readiness rate , skill level of Navy inductees ,

etc. An internally consistent set of quantitativ e values of such Indica—

tors , with accompanying discussion and qualitative material, is termed a

“scenario”.

For a given t ime—frame , we will employ the following definit ions:

• A base—line scenario describes relevant
characteristics of the fu ture  environ-
ment , based upon the assumption that
historic trends will continue unmodified .

- • A “surprise—free” scenario is a modifi-
cation of the base—line scenario to
incorporate the consequences of the
occurrence of high probability relevant
events. In practice , this event set is
usually limited to high probability
events whIch also have high potential
Impact upon the environment of interest .

• An “alternatIve” scenario is a modifI-
cation of the surprIse—free scenarIo to
incorporate the consequences of a
specific relevant event which is of low
probability in the time—fr ame of Interest ,
but whIch has high potentIal  impact upon
the environment of concern.

The tasks involved in executing this methodology include the

followin g elements :

• to decide what are the relevant charac-
teristics of the envIronment which Is
the focus of the s tudy ;

• to identify ind icat o r s  whIch can measure
or assess these character i st ics , or
which serv e as surrogates  for  such
measures;

- —-— ~~~ - — — -——- --— .- -----—- — - -  — - —-- - - - - -.  — —~~~~ .~~—- -— —-—-—— - --- - —  - - —- ---— — __._._~~~
d__
~

_ 
~~~~~~

_ —- -—-. . . -— -



0 to obtain historic values for these indicators ,
which when p l o tt ed  e s t abLI sh  t rends which can
be mathematIcally extrapolated to the tine—
fram e of interest.

At this point , the base—line  scenario cart be described in terms of these

indicators.  The indicators selected for the NavAi r environment are listed

in ExhibIt 1.

The next step is to ident i fy  a set of potent ial  events which may

influence this fu tu re  environment. In general this set will include new

technological developments , social , political or economic disturbances

(war , famiri~ , recession) etc.  This identification process can never be

complete , and it is important that a variety of Individual judgments be

incorporated. Starting from an original set of 235 events, ~~e final listing

(29) selected is shown in Exhibit 2.

Once the events ar e selected , an intensive search of relevant litera-

ture and/or consultation with experts Is employed to acquire relevant data

for each. Consensus judgment is again applied to estimate the probabIlity

of occurrence by the time period of interest , and the potential effect on

the environment as described in the following section. Exhibit 3 shows

the categorization of the event set, usIng the probability estimates thus

obtained.

The surprise—free scenario is constructed by assessing the impacts of

high probability events upon the baseline scenario. In order to place

reasonable bounds upon the effort involved , those events which have low

potential impact are ignored in most instances even if they are judged to

have a significant probability of occurrence in the tine frame of interest.

Thus, the surprise—free scenarIo commonly reflects the impact of category 1

events upon the baselIne scenario.

*
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~ Q~IBIT 1

SELECTED IND ICATORS

1. Navy budget

2 Aircraft reliability

3 Aircraft down—time

4 Manpower per flight hour

5 Maintenance costs at 0 , I and D levels

6 Number of NORS (Not operationally ready—supply)

7 Number of NORNS (Not operationally ready—maintenance)

8 Aircraf t  operational readiness

9 Time to repair (0 and I level)

10 Number of aviation ratings

U New procurement costs

12 Training costs

13 Mission capability

14 Total number of flight hours

- 
15 Navy aircraft  inventory

16 Maintenance cost per aircraft  by type

17 RatIo of off icers  to enlisted personnel

18 Fuel costs

.~ .
-
~~~
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DOiIEIT 2

SU~ECTED EVENTS

1 So l i c i t at I ons  to Indus t ry  fo r  major  weapons systems are
expressed In terms of nIss~ on needs , freeIng the contractors to
propose their own technical approach .  

-

2 300% increase in price of aviation fuel (JP5) over 1977 price
.in constant dollars. - - -

3 RepaIr faci l i t ies  at Naval Air Stations totally manned by
civilians.

4 Al]. NARFs managed and operated by contractors.

5 Decision made to extend the l i fe  of the 7—4 through CILOP .

6 1—18 deployed to the operat ing f lee t .

7 The routine use by NAVAIR of warranty—tfp e contracts whereby
the cont rac tor  is held accountable for  repair throughout  the
life cycle of a weapon, or for  some specif ied per iod following
delivery.

8 Incorporation of the functions of ASO under the management of
AIR-04. 

-

9 IntegratIon of all avionics functions into a single package ,
for each aircraft type.

10 RPVs replace 50% of manned aircraft for combat missions.

U Long range land—based Navy aircraft perform the Navy ’s sea—
control mission.

12 U. S. carrier force reduced to 8 CVAs ,

13 No overseas bases available to the Navy in peacetime , outside
the Western hemisphere.

14 Deployment of V/STOL-A as currently envisaged by NAVAIR

15 Utilizatlcn of fIber optics In operational aircraft for
on—board data transmission .

-16 Development and widespread use of non—fossil sources of power
for aircraft. -

17 50% replacement of training flight activity by use of simulators. 

~~~~~~~~ - -



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

F Selected Events (Continued)

18 Use of f a u l t — t o l e r a n t  design and p e r f o ance n o n l t or i n g ,
to the extant that pilot is only informed of m a l f un c~ ±ons
when mission capability is degraded.

19 Most Naval a i r c r a f t  maintenance Ins c~ actions stored electronically
nn—h oard shins. - - - 

-

20 Concept of VAST (VersatIle Avionics Shop Test) for use in
I—level maintenance Is dropped.

21 Performance monItoring with automatic trend analysis will
control 0—level maIntenance.

F 22 CivilIan—manned ships used for intermediate—level maintenance.

23 No module repair at iri’ermediate maintenance level, only
test and replace.

24 Unionization of mIlitary forces

25 Cruise missiles controlled/guided by Navy aircraft

26 Effective anti—satellite capability deployed by hostile power .

27 All newly acquired airframe structures are made exclusively of
composi.te materials. - - - - - - -

28 The regulat ion prohibiting use of women for  Navy combat missions
is abolished . - 

— -  -- -

29 The position of Penut - ’ Program Manager/Logistics is es tablished
in NAVAIR. - 

- 
- 

— -.--- ~~-



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

E)0!IBIT 3

CATt CORIZ-\T O~ 1~I :‘- -r~:Ts

Imoact - - -

Nigh

2 -
. - - 

- 1 
- -  -

~

low - HIgK, Probability of
- - - . - - - - - 

- 
. 

- Occurrence by
- - 

- 
- . Year N

3 4 -

- - - 
Low - 

- 
- 

- - -
. -

Category 1: High probabil i ty , high impact.  
-

- Category 2: Low probabilIty , but high impact. 
- -

Category 3: Low probabilIty, low Impact.

Ca te~ory 4: High probability , low Impact.

_ _ _ _ _ _  
------ -- ---- 

- -
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The events in category 2 are then re—examined , and specif ic even~ts

selected for the generation of alternative scenarios , each scenario incor—

porating the modification of the surprise—free environment due to one

ca tegory 2 event , or to one internally consistent set of category 2 events.

1
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3. PR0BA~ILITY ESTL’-~AT ON

In order to estimate the probability of the selected events , a

questIonnaire was prepared and dIstributed to over 200 expert Navy/Industry

representatives in relevant areas of technology , management , etc. The format

employed is shown in Exhibit 4. Although analysis of the results was

carried out with categori~ at icn of the respondents according to rank/employ—

inent, as described separately, the probability estimation was performed by

summing the total vote for each probability class for each year, associating

this with the mid-point of the probability range (i.e. 30% for the range

21—40%) and dividing by the total number of votes for the years given (1985,

1990 , 1995). An event was classed as Category 1 (“high probability”) for

the decade of interest if this average exceeded 50% by 1990.

The category 1 events resulting from this analysis are listed in

Exhibit 5.

-— ~~~~~~~~~~~~~~~~~~~~~~~ ---—- -- -~~~ -~~~
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DO-IIBIT 4

QUESTIONNAIRE F0R~.AT

INTRODtJCTION 
-

The list of questions which follow relate to the probability of
occurrence of events which seem to be of potential sigr.ificance to the
area of Navy aircraft maintenance and/or the NAVAIR acçuisition manage—
merit process. For each of the thirty events considered , we would like
you to indicate your opinicri of the probability of its occurrence prior
to 1985 , 1990 and 1995 respectively. All that is needed is for  you to
check the appropriate boxes in the array provided as shown in the Sample
Event below .

QUESTIONNAIRE

what do you believe is the probability of each of these events
occurring no later than the date shown?

SA~~ LE EVENT 

regional weather 

- 

5
control at an acceptable i~~o i —

cost becomes feasible. 3195 I i...’,

E~BIBIT S

“111gb Probability” Events

(Probability of Occurrence ‘ 50% b y 1990)

- Event s

- 2. 300% increase in price of aviation fuel (J15) over 1977 price
in constant dollars.

6. 1—13 deployed to the operating fleet.

- 19. Most Naval aircraft maintenance Instructions stored electronically
on—board ships.

25. Cruise missiles controlled/guided by Navy aircraft. 
-

26. Effective anti—satellite capability deployed by hostile power.

29. The position of Oeputy Program Manager/Logistics is established
in NAVAIR.

_ _ _ _ _ _ _ _ _ _  -~~ 



4. D~~ACT ANALYSIS

Estimates of the degree of impact resulting from the occurrence of the

selected events , together  with a detailed discussion of the rat ionale under-

lying these estimates , were obtained by means of a series of three workshops ,

involving Navy and industrial experts. These individuals were asked a series

of questions of the form “to what extent does this event potentially affect

this descriptor?”. A logarithmic scale was used to quantify this measure-

men t, based on the observation that human judgment employs geometric compari-

sons (i.e. this light is twice as bright as that) more naturally than arithmetic

*ones. The method employed for quantIficatIon uses the following scale:

Major impact — 8

Moderate impact 4

Low impact — 2

Negligible impact — 1

In order to complete an analysis of this type, answers to a great

many individual queries of the type quoted above have to be generated and

recorded , and a signIficant amount of time ar.~ effort is required . In

many instances this task cannot be accotnp~~shed -~.tncut the ut~lizaticn of

auto-mated equipment. Such assistance is privI~ -~d a: Yorecastirig InternatIonal

** -workshops by the Consensor , wr.ith pr:-/~~es each member of the panel wIth a

terminal which permits him to enter his vote ~preserving confidentIality) as

each question is being discussed . The machine then c uputes and displays

*Stevens , S. S., Handbook of Ex-oerimental Psycholc~ y: Mathematics,
Measurement, and Psychoohvsics (New York , N.Y.: John Wiley & Sons , Inc.,
1951).

**Electro—mechanical voting equipment supplied by Charles Williams, Inc.



the mean value of the vote  of the panel as well as display ing the dis’tribution

of the vote. In case of extreme “spread ”, a general discussion can elinir.ate

ambigu ities , misinterpretations , etc., and a revote can be taken before

recording the result. It should be emphasized that the individual vote of

a specific participant is not kno’..m to the other members unless he himself

*inform s them of it .  Using this device , three all—day workshops were held

for the PALR project , dealing respectively with events and indicators per—

tam ing to:

o Material acquisition management

o Aircraft maintenance and equipment -

o Aircraft maintenance and personnel

Each panel voted on each intersection of a matrix such as that shown

in Exhibit 6. The arithmetic mean of the votes cast was used as the “average”

impact of the event corresponding to that row, upon the descriptor corresponding

to the column. The percentage of votes in each category (1, 2, 4, 8) was

also recorded in order to examine the disparity of opinion.

Those events having an impact greater than or equal to 6 (on the

scale 1 through 8) on any individual descriptor , were categorized as “high

impact” events. These are listed in Exhibit 7, and form the set of candi-

dates upon which significant alternative scenarios can be based. tTsing

this information in conjunction with the discussions which occurred at the

panel session, as well as at the individual interviews , the final decIsion

*This is thus a sort of instant feedback Delphi system. 

~~~~~- -~~~~~~-*— - - - -
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CG~IBIT 6

PROVISIONAL NAVAIR RELEVANCE MATRIX
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‘ HICH I~1’ACT” E~.ENTS

(Impact  on ind iv idua l  d e s c r i pt o r  >6 , on scale of 0 th rough  8)

1. Solicitations to industry for major weapons systems are expressed
in terms of mission needs , free ing the cor.tractors to propose
their own t echnica l  approach .

2. 300Z increase in price of avIation fuel (JP5) over 1977 price in
constant dollars.

7. The routine use by NAVAIR of warranty—type contracts whereby
the contractor is held accountable for repair throughout the
life cycle of a weapon , or for  some spec if ied per iod following
delivery .

9. Integration of all avionics functions into a single package, for
each aircraft type. -

10. RPVs replace 507. of manned aircraft for combat missions.

11. Long range land—based Navy aircraft perform the Navy’s sea—control
mission.

12. U. S. carrIer force reduced to 8 CVAs.

14. Deployment of V/STOL—A as currently envIsaged by NAVAIR.

16.* Development and widespread use of non—fossil sources of power
for aircraft.

17.* 507. replacement of training flight activity by use of simulators.

*Included because average impact of these was higher than those of
previous entries, although maximum Impact on individual descriptc~r
was between 5 and 6. 

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



was made by the study team to develop three al ternative scenarios , based

respec tivel y upon :

o the use of R.PV’s for combat missions;

o the use of long—range land—based a i r c ra f t  for
sea control;

o deployment of V/STOL A.
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PALS Interviews

One of the crime sources of data used to forecast the future of naval
aviation support systems was dra~~ from frank and open discussions with
people who , through their lob or their natural interests , have a stake in
naval aviation ’s future. The people were selected from both industry and
Navy occupat ions , but all had one thing in co:~~on ; their ~ob was somehow
related to the support of naval a i r c r a f t .  The discussions were designed
to draw out personal opinions as to how the Navy will adjust in the future
to anticipated pressures and conditions . Questions listed following were
used to evoke these in—depth discussions.

The number of different government agencies and companies involved in
these interviews was not as extensive as would have been desired. Both
time and funding limitations constrained the scope of coverage. The sample
was suf f ic ien t  however , that addit ional interviews yielded few new Ideas.
Following are listed all of the interview part icipants .

Interview Participants

Naval Air Systems Command
04 R.ADM Faulders 9 Feb 77
401 B. Colmery 10 Feb 77
40131 W. Knox 10 Feb 77
4101A3 L. Peterson 9 Mar 77
4114 G. Donovan 10 Mar 77
03P13 J. Muiquin 14 Mar 77
302113 R. Warren 17 Mar 77
4111 T. MastIc 17 Mar 77
412A R. Crider 23. Mar 77
4123. M. Wallace - 23. Mar 77
PMA—27 0 CAPT Dowd 23 Mar 77
410133 3. Meyer 24 Mar 77
5205 3. Wiggins 31 Mar 77
04F F. Russo 4 Apr 77
4l13A D. Hish 6 Apr 77
503B T. Smith 9 Apr 77
1014 D. Mason 1 Jul 7~
340E B. Poppert 7 Jul 77
0]. RADM Seymour 19 Jul 77
410]. W. Anthony 30 Dec 77
NAVAIRSYSCO~~.EPLANT M. Sanford 17 Jan 7*
Naval Aviation Safety Center CAPT Le~mon - 17 Jan 77
CO~~AVAIRLANT CAPT Compton 18 Jan 77
CO~~ AVAIRP AC COL Miller 28 Feb 77
CO~~AVAIRPAC CAPT Mallory 2 Mar 77
ASO ~DR Quarles 23 Feb 77
ASO - 

A.C. Barlow 2~ Jun 77
ASO - 0. Markowitz 28 Jun 77
NAILSC CDR Lavalse 11 Feb 77
NAILSC CAPT h amilton 11 Feb 77 

__-_
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NAVMAT CAP T Walker 14 Jan 77
NAVMAT - 

G. Newman 14 Jan 77
NAVMAT - - CDR Searcy 27 Jan 77
NELC -

- LCDR tinston 28 Feb 77
NEL C W. Darner 28 Feb 77
NAVELEXENGCTR 

- 
CAPT Rudolph 1 Mar 77

ONR COR James 25 Jan 77
NOP—5].4 CAPT Oslun 7 Feb 77
N0P—964C 

- 
I. Blickstein 23 Mar 77

NOP-05B RADM Lawrence 30 Jan 77
NOP—l2lCl ~Dr. N. Letsky 20 Dec 77
N0P—40 RADM Caughlin 22 Dec 77
Navy Comptroller ’s office D. Lloyd 23 Mar 77
Center for Naval Analysis Dr. H. Kanter 23 Mar 77
NAVWESA—193 - — W. Vardeman 24 Mar 77
NAVSUP—0431C G. Bernstein 7 Apr 77
NAVSUP—03432 H. King 3]. May 77
NADC W. Slowick 24 May 77
NADC A. Burstein -24 May 77
NADC Dr. Stamfle 3 Jun 77
NADC Dr. McQuj].].en 30 Jun 77
Defense Logistics Agency RADM Crosby 25 May 77
NSRDC T. Boyde 2 Jun 77
NSRDC T. Clancy 3 Jun 77
NSRDC Dr. Chaplin 6 Jul 77
Naval Training Center V. Am.ico 10 May 77
Naval Training Center E. Grace 10 May 77
Naval Training Center Dr. Earvey 10 May 77
NAVMAT 3. Genovese 20 Jun 77
Naval Air Propulsion Test Center M. Dell 29 Jun 77
Naval Air Propulsion Test Center 3. Listar 29 Jun 77
Naval Air Propulsion Test Center L. Mogit t i  29 Jun 77
NASA 1). Kier 26 May 77
Off ice of SECNAV - Dr. Waterman 5 Jul 77
Office of SECNAV - C. Smith 29 Sep 77
Dept of Commerce G. Vaeth 5 Feb 77
Congressional Office of Technology R. Gavert 10 Aug 77
Assessment 

- 

- -

Congressional Office of Technology L. Jenny 10 Aug 77
Assessment
NAS Miramay CDR Iverson 11. Jul 77
NAEC C. O’Connell II Aug 77
NAZC -- - !. Bless II Aug 77
.NAEC A. Coniglia U. Aug 77
NAEC - P. PetruzzeJi.i . U. Aug 77
NAE C - C. Rivers . U. Aug 77
NAEC - - P. Teriviso 11 Aug 77
NAEC - - B. Lamb U. Aug 77
NA~C 

- 
_ -~~ M . Palamar 11 Aug 77

G,W. University 
- - - - 

- W. Wilkinson 1. Jun 77
G .W . University - - E. Napier 1 Jun 77
G.W. Uni’~~rsity D. Wieland 1 Jun 77
The Analytic Sciences Corp . Jacques Cansler 20 Oct 77

L 

Grumman Aerospace Corp A.J. Romeo 15 Feb 77
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Grumman Aerospac e Corp J.R. Quinn 15 Feb 77
Grumman Aerospace Corp M. Elem 15 Feb 77
Gru~ nan Aerospace Cot—p J.R. Peronnet 15 Feb 77
Grumman Aerospace Corp .J.J. Tierney 15 Feb 77
Grumman Aerospace Corp D.B. Webster , J r .  15 Feb 77
Lockheed California , Co LA. Franck 1 Mar 77
Lockheed Cal iforn ia , Co P. Kessling 13 Jul 77
Hughes Aircraft Co Dr. C. Flackbert 3 Mar 77
Hughes Aircraft Co Dr. D. Stewart 3 Mar 77
Hughes Aircraft Co J.P. Wright 3 Mar 77
Hughes Aircraft Co D.A. Bartick 4 Mar 77
ManTech Corp T. Dankworth 28 Dec 76
Westinghouse Defense & Electronic H. R.assa 16 Mar 77
Westinghouse Defense & Electronic J. Turek 16 Mar 77
Westinghouse Defense & Electronic W. Wakefield 16 Mar 77
Westinghouse Defense & Electronic F. Kranz 16 Mar 77
McDonnell Douglas Corp G.E. Null 3 May 77
McDonnell Douglas Corp R.C. Gehm 

- 3 May 77
McDonnell Douglas Corp R.O. Blatz 3 May 77
McDonnell Douglas Corp R.D. Howard 3 May 77
McDonnell. Douglas Corp R.A. Baker 3 May 77
McDonnell Douglas Corp G.J. Gerbert 3 May 77
McDonnell Douglas Corp W.M. Toczylowski 3 May 77
McDonnell Douglas Corp W.W. Lyle 3 May 77
McDonnell Douglas Corp L.E. Quinlan 3 May 77
McDonnell Douglas Corp T.L. Yount 3 May 77
McDonnell Douglas Corp H.L. Swain 3 May 77
McDonnell Douglas Corp P. Bernocas 3 May 77
McDonnell Douglas Corp D. Barnett 3 Nay 77
McDonnell Douglas Corp H. Flicker 3 May 77
General Electric Co W.3. Sinninger 4 May 77
General Electric Co E.E . MacMat-land 4 May 77
General Electric Co C. Agricola 4 May 77
General Electric Co J. Eansee 4 May 77
General ElectrIc Co F. Euler 4 May 77
General Electric Co P.C. Henning 4 May 77
Prat t & Whitney Aircraft Corp J. Dolan 3.1 Nay 77
Pratt & Whitney Aircraft Corp B. Weible II May 77
Pratt & Whitney AIrcraft Corp 3. Isiminger U. May 77
Pratt & Whitney Ai rc ra f t  Corp 3. Vernon U. May 77
Pratt & Whitney Aircraft Car-p C. Volin 11 Nay 77
Pratt & Whitney Aircraft Corp J. Ponder 11 May 77
Pratt & Whitney Aircraft Corp V. Jaramillo 11 May 77
Collins Radio Div. of Rockwell F. Spencer 14 Jun 77
Collins Radio Div. of Rockwell C. Fry 14 Jun 77
Collins Radio Div. of Rockwell 3. Ariana 14 Jun 77
Collins Radio Div. of Rockwell W. Brice 14 Jun 77
Collins Radio Div. of Rockwell B. Wall 14 Jun 77
Collins Radio Div. of Rockwell D. Croft 14 Jun 77
Collins Radio Div. of Rockwell T. Gleason 14 Jun 77
Texas Instruments, Inc D. Roberts 15 Jun 77
Texas Instruments, Inc N. Klutz. 15 Jun 77
Texas Instruments , Inc E. NcClendon 15 Jun 77
Texa s Instruients , Inc H. Hoes 13 Jun 77
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- Vought Corp C . J .  Eitter  - 
16 Jun 77

Vought Corp 3. Hayttes 16 Jun 77
Vought Corp G. Bahn 16 Jun 77
Vough t Corp ~. James 16 Jun 77
Vought Corp NAVPRO R. Connelly 16 Jun 77
Vought (orp NAVPR () E. Cooley 16 Jun 77
Logistics Management InstItute H. Salzer 23 Jun 77
Logistics ~1ana~~ment Insc~ tute T. O’Donnell 23 Jun 77
Logistics Nanagez’tent Institute W. Fisher 23 Jun 77
Logistics Management Institute N. Betogue 23 Jun 77
General Dvna:~ics, E1er~tronics Mv R.Q. Muais 11. Jul 77
Genera l Dynamics , Electronics Div A. Previt 1]. Ju~

’. 77
General Dyn~r~±cs , ElectronIcs Div P. Williamson U Jul 77
Litton Industries , Gi~4ance & Control R. ~~~~~~~ 

- 12 u1 77
Litton Industries, Guidance & Control J. !Zemps 12 Jul. 77
Litton Industries, Guidance & Control C. McLarnon 12 Jul 77
Litton Industries, Guidance & Control H. Strozzuj.a 12 Jul. 77
Litton Industries, Guidance & Control H. Maugbmer 12 Jul. 77
Litton Industries , Guidance & Control H. Danbert 12 Jul 77
Boeing Aircraft Co P. Graf ton 14 Jul 77
Boeing Aircraft Co D. Selvig 14 Jul 77
Boeing Aircraft Co D. O’Brien - 14 Jul 77
Boeing Aircraft Co C. Olsen 14 Jul 77
Boeing Aircraft Co J. Russel 14 Jul 77
Boos Allen & Hamilton Inc F. Koester 20 Jul 77
Boos Allen & Hamilton Inc N. Kahn 20 Jul 77
Boos Allen & Hamilton Inc C. King 20 Jul 77

~oos Allen & Hamilton Ittc F. Marks 20 Jul. 77
Boos Allen & Hamilton Inc. P. Mattam 20 Jul 77
Sperry Research Center J.A. Dudrick 12 Aug 77
Sperry Research Center Dr. R. Fuller 12 Aug 77
Sperry Research Center Dr. H. Damon 12 Aug 77
Sperry Research Center Dr. W. NcBee 12 Aug 77
Sperry Research Center Dr. C. Ross 12 Aug 77
Sperry Research Center H. Wockinger 12 Aug 77

L ~~~~~~~~~~~~~
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PALR Interview Quest ions

1. Per copy cost of Navy aircraft has risen at an increasing
rate; in partial compensation , the quantity being procurred has
been declIning . To continue these trends into the 1985—95 time
period would obviously be illogical. What course of action
will the Navy take in altering these trends?

2. Historically the cost of labor has risen at a rate in e.xcess
of inflat ion, providing the drive to mechanize labor intensive
activities. Amplifying this trend is a lower birth-rate that
will yield 25% fewer candidates for recruiting into the armed
forces in the l985-9~ time frame. How will the Navy cope with
this skyrocketing cost of labor?

3. Fuel cost is forecast to rise sharply , in the time period
under study, as the world’s petroleum supplies dwindle. How
wil]. the Navy adjust to this condition in its operation?

4. What technological advances do you see that will. impact
naval. aviation and its support systems?

5. Mow will the inevitable loss of overseas bases impact naval
aviation and its support systems?

6. Given that the need for trade will increase the inter-
dependency of nations, and that national boundaries will be
extended greater distances into the sea and these new areas
will be farmed and mined, how will the Navy’s mission be affected?

7. Given that by the 1985—95 time frame, an effective counter-
measure will be developed to the ICBM and null ify the threat of
massive retaliation , what will, be the impact on the Navy ’s
mission?

8. What other Navy mission change do you see by the 1985-95
• - time period?

9. How will. the pressure toward greater use of contractor vs
organic maintenance impact naval. aviation support ?

- 
10. WIll VAST continue to be used in the 1985—95 time frame?
Is the VAST concept valId?

11. The proliferation of off—line ATE and associated interface
devices is already overcrowding the shipboard IMA ’s. In view
of the forecast need for even more of these equipments to
support future weapons, how do we crowd all this aboard the CVA ’s?

- -

~
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12. Future weapons are forecast to be more complex and to
require higher skills to maintain . If well established trends
continue where will the Navy find these skills to man the
IMA ’ s?

13. To what extent will the 1985-95 aircraft depend on BIT
arid condition monitoring for 0 level fault diagnosis?

14. To what extent will fault tolerant systems be used in the
1985—95 aircraft?

15. Is RIW a viable concept? ~f not , how~ should contractsbe incentivised?

16. What new weapons do you forecast will enter the Navy’s
arsenal by the 1985-95 period , and how will they impact naval
aviation support?

17. Will the military forces be unionized and what will be the
impact on naval aviation support?

.18. Will women serve on combat ships?

19. Will supply/repair ships be manned by civilians?

20. Will, the NARF ’s be managed/manned by civilians?

21. Will civilians man NAS/CVA INA ’s?

22. How will the naval air supply system be structured?

23. Is the concept that places the bulk of the aircraft in
storage , ultilizing only l0%-30% for support systems development
and system improvement , a viable concept? GSE will be used
to keep the stored aircraft  Ru and simulators will be used
to train operator and maintenance personnel .

24. Is a supply dedicated COD a viable concept?

25. What will publications look like in the 1985-95 time frame?

26. Is the modular concept feasible for the V/STOL engine?

27. Will we have condition monitoring with - automatic trend
evaluation in the. 1985-95 naval aircraft engine?

28. Will we see a revolutionary replacement for the gas turbine
engine?

29. will we see the development of fuels to replace those derived
from pertroleum?

-~~~~~~~~~ - -—-- ~~~~- - --~~~~~
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30. Describe the maintenance concept you visualize supporting
1985—95 naval aircraft.

31. What problem currently plagueing naval aviation will still
be a serious problem in the 1985—95 time frame?

I
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Prediction of Aviation Logistics Requirements
(PALR) Preliminary Findings

Background

Supporting the Navy ’s operational aircraft has become
increasingly complex in a rapidly changing technological enviror .-
ment . The technically superior weapons that currently fill the - 

-

Navy ’s inventory are helpless ; however , wi thou t  all the support
elements needed to keep them working . It is here that we have
witnessed a growing shortfall. The support systems have not kcpt
pace with the weapon systems they were supposed to keep operaticnal.
Supply doesn ’t seem to have stocked the right parts ; technicians -
have not always received adequate training prior to their assign-
ments; ground support equipment doesn ’t seem to diagnose field
problems with the same accuracy it did in the laboratory ; and
publications don ’t seem to get updated to keep pace with changes
in the equipment.

These shortcomings in the support system become apparent
only after the aircraft has been deployed to the operating fleet.
Operational readiness has suffered and costs have skyroc~ed as“get well ” schemes are employed . It becomes obvious that if the
support requirer~er~ts could be predicted with even a small improve-
ment in accuracy, coerational readiness would go up and huge
savings would ensue . The PALR stu~iy objective was to predict
aviation logistics requirements with su ffi c ient  lead time to
enable eff icient  and effective preparation for  system support .

Study A~oroach 
-

To acquire a view over the horizon of time , a two—pronged
approach was employed . First , an extensive review of existing
literature was conducted in an effort to discover what research

• ‘ had already ’ been done that could aid in developing the needed
foresights into the future of naval aviation . Forecasts examined
included the Navy Aviation Plan and the Extended Planning Annex ,
prepared by NAVAIR (Naval Air Systems Command) and 0PN?~V (chief of
Naval Operations); the Navy Energy Plan , published by OSD (Of~ icc of
Secretary of Defense) ; the Congressional Budget Issue- Papers ; th2
Roadmaps Through Technology , prepared by AIR-03; as well as many
forecasts prepared by research firms. Publications from the Office
of’Naval Research germane to naval aviation were also studied , as
were publications from the Institute for Defense Analysis , Defonse
Advanced Research Project Agency , the Congressional Office of
Technology Assossment, and NASA. To ensure the data scarch was
thorough , the Defense Documentation Center was interrcg~ ted Z0
secure reports of work performed , or in proqrcss , by both induct:;
and govern:~ent , that wcuid in some way foretell the future. of
naval av iat ion .

- i
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A second means of information gathering was intervie~.s
with people who , through their backgroun± experience and their
curren t i~ t~~ ect , ~~~~ giv en thought  to cnanges  !:‘:el~: to occur
to naval aviation in the future. Personal o~ inions were sough:
in order to compile a forecast based on the intuitive judgemer.ts
of experts .

Almost without exception the participants in these inter-
views were cooperative and willing to voice their individual
opinions about the future of naval aviation . They were also
enthusiastic about the PALR study and its objectives. As these
interviews continued , a well defined picture of the future began
to take shape. Not all responses to the interview questions
were identical; in fac t, there was a wide variety of answers .
But, when opinions representing the current thinking cf the
majority intervie’.ied were assembled, the resulting scenario
appears plausibile. Additionally this scenario is corroborated
by (or at least not at odds with ) published research data . This
scenario is presented here for information and discussion only,
and should not be construed as representing the fina l. conclusions
of the PALR study.

Prelim inary Findings

A. The Naval. Aviation Mission .

To understand what naval aviat ion support ~‘iil be lik e
in the 1985-1995 decade we must first examine the changes ta~~inç
place in t~:e Navy ’s assigned missions . The Navy ’s t~cc basic
missions are:

o Power Projection

o ‘Sea Control (Assertion/Denial)

Naval aviation will. be involved in each of these missions.
but both the tasks and the aircraft will be changed from what we
see today. The importance of naval aviat ion is seen by th i s
forecast to be growing in the future , but it will  n~~t be struc-
tured as it is today . • -

Strategic Deterrence , a subset of Power Projection ,
will be a subsurface Navy task only as long as the sea is a
good place to hide . With the deployment of an effective
undor~ater detection system that can pinpoint the location
of the ballistic missile submarine or an effective defense
against the ICB~1 (Intercontinental Ballistic Missile)

2 -
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(such as satellite kilter that intercepts the missile at its
apogee) , and either of these two possibilities (p e r h a p s  b o t h)
appear likely, the Strategic Deterrence task will no longer
be the exclusive domain of the subsurface navy . Surface ship
and air launched cruise missiles will share this respor.sibiii:y.

The Naval Presonce task , another subset of power pro-
jection , will still involve naval aviation but it will take
on a new character. This task will be more ceremonial t~ar. athreat of force, but carrier based aviation will continue to play
a prominent role. Fulfilling this role to the extent that it
can remain a deterrent to armed aggression against the ~J.S.
would require more than the 13 big deck carriers forecast by
OP—96 to be operational in the 1990’s, This forecast predicts
the CVA population will be reduced to 8 by the time period of
interes t, one of the reasons for the retreat to the ceremonial
role . 

-

The primary mission involving nava l aviation is Sea Con trol ,
where extensive changes are in prospect. There are several
identifiable trends that will impact the shape of this Navy
mission . Losing our overseas bases, either by being ejected
completely or by having restrictions placed on our activities,
is a well established trend . This may not alter the Sea Cor.trol
mission , but it will alter significantly the manner in which n-’.val
aviation performs this mission.  Another trend that  is l ikely to
continue is man~~:ested in the growing intercepen~ er.cy among naz~ on s.
The U . S .  is no exception , an interdepender.cv cm trade is growing —

~ nong all nations . In petroleum products alor.e the U . S .  cur rent ly
depends on imports to sa t i s fy  48 percent of demand . It  become s
apparent that  a free flow of ship t r a f f i c  is essential  to the
nation ’ s economy . Another observable trend that  wi l l  impact
the Navy’s Sea Control mission stems from the propensity cf nations
to extend their national borders into the sea , particularly where
harvestable resources are invioved . The discovery of cii in the
North Sea has caused a previously in te rna t iona l  area to be divided
among its bordering nations . The recent 200 mile extension cf
the U.S. boundaries for the fishing industry is just one of the
many signs that more and more of the ocean areas will be annexed
by bordering nations . The i~ pact of these factors on the Navy ’ s
Sea Control mission will be si gnificant .

While the Sea Control mission grows more complex , we see
the number of ships the Navy has to do the job growing smaller ,
currently down to 459 ships. There are several ways the Navy wil l
adjust to this apparent shortfall. A drive is on to reverse the
continuing decline in the n umber of ships , but there ’ s l i t t le
chance of success. Instead , we ’ll see an adjustment to fewer
and fewer ships . ~o do this will require a greater use of air-
craf t, and a shrinking of the area controlled . ~ore ships willhave an air capability , not V/STOL (Vertical/Short Takeoff a~nd
Landing) but rotary wing type . The submarine is the grea tes t  threat
to Sea Control  and L?~~PS (Lig ht Airborne ~uiti—Purpcse Systens) ~3

3
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the Navy ’ s best counter to that threat. V/STOL will undoubtedly
someday en te r  the ;avy ’ s inventory of operational aircraft,
but , not during the 1985—1995 time window . ~7e will also see
a much greater  use of fixed wino , shore based aircraft. The
areas con trolled will be confined to selected high priority
shipping lanes , and the Sea Con trol w i l l  be in the denial mode ,
not the assertive mode . In other words , the U.S. wi l l
become even less of a power in the world of the fu t u r e .

The Power Ashore task will continue to be a naval
aviation job , and the 8 bi g decks will be more than adec~uate
for a Vietnam type conflict. A f ull blown war against a nation
like the Soviet Union will , however , find even 13 big decks to be

- woefully inadequate in number. Shore based aircraft carry ing
cruise missiles wil l  be substi tuted for this ship s h o r t f a l l .
They may be Navy hut will more likely be Air Force . Naval
aviation will have an important role , however. Operating from
small ships , they will  provide surveillance and guidance for  ship
launched antisubmar ine, antiship and antiaircraft missiles.
These will be both manned and unmanned aircraft .

B. Aircraft Maintenance -

100 percent accuracy in forecasting the future is not only
impossible; it is not even necessary . What is necessary and
preliminary to any planning activity , is a view of the di rec t ion
progress will take if it is not consciously influenced . 3u:
conscious influence will be invoked . In fact , the trend must
often be turned onto another path or we will be led to an un-
tenable conclusion. It becomes obvious , then , that  ii we can
identify the pitfalls toward which current trends are lead:ng,
we can take the necessary act-ion to diver: our cours-: into more
profitable channels .

Ext.r~polating current trends , that in some way shape na’;a
aviation maintenance, will give us a picture of the future if
these trends are not perturbed . By discussing these trends  wi th
both Navy and industry personnel who are closely associated with
naval aviation maintonance, and who have given thought to its
future , we are able to identify the perturbing factors . The
collective inputs from these discussicns also give us a view
of the new direction forced by these perturbations ,. and thus a
credible forecast of the shape of naval aviation in the future .

Currently well established trends that will shape naval
aircraft maintenance in the- 1985-1995 decade follow :

1. The cost of labor has historically risen at a rate
in excess of i n f l a t i on .  Pushing this trend upward toward

- even higher labor ccsts is a lower b i r th - ra te  that  wi l l   
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yield 25 perceht fe~,er candidates than are available todayfor r ec ru i t i ng  into the 1990 Navy . Changes to the manner
in which the Navy uses maintenance manpower are inevitable.

2. Technological advances i~ a i r c r a f t  comnon en t s ,  in
test equipmcr .t and in maintenance  techniques  w i l l  a l ter

- the way Navy aircraft are maintained.

3. VAST (Versat i le  Avionics  Shop Tester)  was a concept de-
veloped to halt the profileration of ATE (Automatic Test
Equipment)  in the IMA (Inte rmedia te  Maintenance  A c t i v i t y)  .
It now appears to be in trouble. The L’4.As are crowded wi th
interface devices , new ATE is sharing the load wi th an
overworked ‘/AST, and new equipmer.t may not require VAST
compatibility. This revolution in the IYA5 will chance
drastically the manner in which Navy aircraft are maintained .

4. The trend toward increasing complexi ty with each
new weapon system shows no sigr. of a turn-around . Higher
skills will be required to maintain these more complex
equipments further compounding the Navy ’s aircraf t

- maintenance problem . 
-

5. The trend toward a greater use of built-in test
(BIT) and condition monitoring for organizational level
fault diagnosis appears to be irreversible. The impact
of this phenomer.on on aircraft maintenance will be
significant .

6. O~4B (Of f i ce  of Manacement and Bud g e t)  Circular  ~o. A-76 ,
as well as political and economic fcrces~ has sti~ uiaoed  a
well established trend toward the increas ing use of con-
tractor vs. organic maintenance. If this trend continues
a significant change to the maintenance concept of naval
aviation will result.

7. The introduction of RIW (Reliability Improvement
Wa.rranty) as well as other forms of contractor warranty
is shifting the burden of aircraft maintenance from
Navy personnel to the contractors .

The picture of naval aviation maintenance emerging f rom
this invest igat ion shows some very s i g n i f i c a n t  changes . Rap id ly
escalating labor costs , as well as other factors ? will increase
the pressure to improve reliability, thus reducing the need
for maintenance . All systems will see improved reliability , - -

particularly in avionics where an order of magnitude improvement
is expected . Imprcved BIT will reduce fa lse  removals to
nearly zero . Fiber optics will be used for all signal carriers
in the aircraft permitting a redundancy that  makes w i r i n g  chnnges
unnecessary . Changes to the avionics can then be made without
having to change interconnecting wiring. -

- - 
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Perhaps the greatest  change to a i r cr a f t  mainten ance  w i l l
be seen in the IMAs . The increased use of systems under ccn-
tractor w a rr a n ty  plus a more reliable and dorripreherisive use
of BIT will all but eliminate the IMA . BIT and ~erforman ce
monitoring will isolate to a removable module , which  w i l l  be
either discarded or sent to depot for r epa ir .  Engines wi l l
be t ruly modular , wi th  per formance  m o n i t o r i n g  of the i r  v i t a l
signs and with automatic trend evaluation . This will allow
removal and replacement of the offending module before a failure
takes place , while permitting the failure free modules to con-
tinue in use unmolested.

VAST will all but disappear from the inventory . Modern
multipurpose off-line automatic test equipment will s t i l l  be
-used extensively at the depots and to a limited extent at the
greatly reduced Ii~A ’ S (particularly at INA ’s located at Naval
Air Stations) . TPS ’s (Test Program Sets) will be computer
generated reducing errors to near zero and making updating a
simple and expedient function .

The sum e f f ec t  of these changes will be to greatly reduce
the mainten~.nce work load of mil i tary personnel and to s h i f t
more of the load to contractor responsibility .

Aircraft  read!- ness will be maintained at a much hi gher
state (90 ~ercent or better) than is cossible today . High
fuel costs wi-l i force greatly reduced flv inq hours , most of the
a~ r crew training being acco~ p~~ sheo~ in s imuiators . The a~ r c:a::
will be maintained in an “up~ condition by exercising the systems
using special GSE (around Support Equipment) , much the same as
a rnissi1~ is maintained in a ready condition in its silo.

C. Mat-erial Acquisition Management

The forecasting of changes that  are l ikely to occur in
the way NAVAIR does its business has been derived from the nc~eds
expressed in many interv iews , modified by what appears to be
possible and r~isc likely by the time frame of i n t er e s t .  The
forces acting to change current procedures included the nearly
universal belief that n~val aviation support is not adecuate ,
and that this condition will grow worse befcL-e impro~~inq . More
money poured into supply will improve this condit ion , but
cor~ on sense tells us that more money will  not be avai:.able .
Even a 3 percent real growth promised by the current administration
will make li ttle impression on the huge backlog of needs in
aviation logistics.  It becomes obvious that the cure to this
sup~.;ort problem is as complex as the a i r c r a f t  i t s e l f .  There is
no single answer and there arc no easy solut ions , jus t  a lot of
changes to the entire material acquisition process.

6
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If we f i r s t  id e nt i fy  the areas n eed ing  change and then
examine the climate f-o r change in each of these areas, ~-e can
arrive at a reasonable forecast. All of the changes  re f e r  to
some aspec t of the ~AV’-I~ material acquisition ~rocess. Listed
below are a number of areas that need improvement aicr’.~ with a
discussion of the changes anticipated :

1. Navy a i r c r a f t  should be desigr.e-± to enhance t h e i r
supportability. To accomplish this will require a restructuring

• of the accuisition urocess. It starts with a realistic concern
for l i f e  cycle costs .  This t r a n s l a t e s  i n t o  mcr-o time and m~ nay
being given to the development and test period in order to reap
savings throughout the operat ing l i f e  of the  s y s te m .  ~1an i fe st -
ation of this change will see Prc~ ram ~anagers c~ vinc attentionto aircraft supoort in the very early c~ r.cect fo ilat~ on stace.This concern wil l  be t ranslated into con t rac t  lancuace that
lays the resounsibilitv on the contra tor for develooinc~
a suppor table aar c r a r t ,  ana provLdes ~r.e resources to ac—
cortplish this objective . Greater support~ hility will becreated in several ways——highe : reilabili:v, lower time to
repair , increased use of mature systems for ~:h ich a suptcrt
structure exis ts  and an increased use of cormercial  components.
BIT and condition monitorinc with automatic trend eva lua t ion
will be used extensively ,  g rea t ly  ra ’ucing o r g an i zo t ion a l  l~ ve
maintenance . ~ost systei~s will be truly m odul ar  wi th au toma t ic
fault i so la t ion .  This permits removal ar.d replacemont at t~rg aniza-
tional level an~ repair at depot , thus eliminating most intermediate
level maintcnar .ce . To accomplish th is  r~ cu±r es  a close and con-
tinuous liaison between the designer and the lcgistician , both in
government and in industry , thrL~ughcut th~ desi~ n an d dev eLopr~on:
process. Progress wil l  be made toward achieving this ob-~ect:ve .

2. We will also see a much hicher fault tolerance in
Navy aircraft , permitting failures -to ocu~~r without degrading
mission ca b~~~~t~ To acc l~ s~ t-i is ~l1 rec~~ re s
changes to the N?VAI7~. ac~ uisiticn. process. ~uch greater coor din-
ation c-f •subsvstem desi gn and development wi l l  be required in

• order to achieve the necessary cverali system in :egra ticn .
Considerable progress is expected in this area .

3. Systems will be designed to better ccpe wi~ h the
• actual opcratior.al environmen t. To ãc th:.s will require ~substantial change in procurement procedur~ .s with less dependence

on military specifications and with now methods b~~irg  dev~ lc~~e~
for measuring contractor perforr~ance. We will also see syster.i
acquisition recuiremer.ts measured in the same terms as are used
to measure systems perforr’~ance in the field , thus mak:nc ocss~~—
ble realistic suocort plnnning. it will bc~ possible to equate
MTBF (ean—Time-2etwecn-Failures) as measured in the laboratory
with that exh~bited in the operational aircraft.

- ThIS PAGE IS BEST QUALITY PRACIZC~~~
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4. The NAVMR o rgan iza t ion  wi l l  be r e s t ruc ture d  so tha t
maintenance and support wil l  receive proper cor.side:~ tion
throughout  the a i r c ra f t ’ s l i f e  cycle , b e g i n n i n g  with DS~ RC (Defense
System acquis i t ion Review Counci l)  — zero .  Ma jo r  p rogr ams  w i l l  have~
a deputy or ogram. manacer  for logistics. This means that bec~ n-
n ing wi th  the aooro’ial of the mission need statement , there wi.l
be an institutionally chartered person (with authority) whose :oS
it is to insure adequate  cons idera t ion  is given to logis t ics.
Additionally, the authority Cf AIR-04 will be expanded to er.-
cornpass the management of all logistic support elemen ts except
squadron main tenance .  This includes suppl y ,  t r a in ing  and t r a i n i n g
equipment , publication , test equipment and depot maintenance .

5. We will see greater use of contractor war ran t ies
that hold the contractor accountable for longer periods of
time into the deployment period . By incentivising re l i ab i l i ty
and supportabil i ty, bo th the contractors and the Navy users will
benefit.

One strong guiding force shaping each of these changes
in procurement practices is the growing awareness that  con-
flicts of the future involving naval aircraft will be fought
with operationally ready aircraft cr. har.d when the conflict
is initiated . Unlike prior wars when there was time to acquire
the spare parts . train the skilled maintenance manpower and
assemble the ot~er support needed te bring aircraft up tomission ready ccndi ticn , f-~ture adversaries are not l ike ly
to be so coocerative . This will recuire oo~~ ationa L readiness
rates of 90 cercent or better for all deployed airc::ft. NAVAIR

• procurement practices must be structuree so as to maxe :na c pcs~~i~~ e.

Another factor shaping future procurement practices grows
out of a lesson learned in the 1973 Israeli war. “Surface to

• Air Missiles (S?~t) are accurate , deadl~’ and cause very high
aircraft attrition rates .” This translates intO a requirement
for highe.r quantities of aircraft in the future , which is ccunzer

• to current well established trends . Since unlimited buying
power is not likely to be bestowed on the Navy c-f the future ,
there are two courses of action that  can be taken to meet
quantity requirements. The first and most obvious solution is
to update old a i rcraf t through the use of SL~P (Service Life
Extension Program) and CILO? (Conversion In Lieu Of Procurement )
The second method of building up the inventory is through the
purchase of cheaper new aircraft . The F—IS is a step in that
direction , but it is fa r  from being a cheap a i rc ra f t .

• 8 
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• It is within this environment  of high quant i ty  require-
ments ar.d constrained procurement budgets  that the P~PV (Remotely
Piloted Vehicle) will find a sponsor. Simple , light , small arid

• inexpensive, the RPV will  satisf y many of the miss ions  now
performed by manned a i r c r a f t .  But a~~rcpos to future nava l air-

• c raf t  missions (over- the-horizon in te l l igence gather ing  and
ship launched weapon control)  , the RPV with its ability to stay
on station for  long periods without  fa t igue  while presenting a
small radar target is clearly superior to manned a i r c ra f t .
Further , the RPV can be operated fr om mos t Navy ships using
simple launch and recovery techniques , and could be deployed
in quantities sufficient to sustain high casualty rates. Perhaps
the RPV ’ s most salient feature is that it has a fearless pilot. -

I
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THIS PAG~E IS BEST 
QUALITY PP..ACTICABI~

PROM CO~ ~U~tLU~b .~ 
W iA~Q ~~~~~~~~~—

ESA—335:C F

Froti: Director , :~aval Weapons E gincc~ring Support Activity
To:

Subj~ PALR (Prediction of Aviation Logistics Ra~uirements)
Study

Ertcl: (1) PAL~ (Prediction of Avtation Logistics Requirements)
Quest ionnaire

(2) Self addressed envelope

1. Providing logistic support for today ’s naval aircr aft is
a cor~~lex task. Often , the problems are not clearly defin ed
until long after th~ aircraft has beer. de~ loyed , when cor-

• rection of these r~cf ects is d~~ficult ~~~ cos’l’r ~bviouslvif w~ cou1d fo~ esce ~ ‘~~~c os.~rai-io~al ~~cub~cs c~urinc ~~~~~~~~

aircraft developmental stage they might be avo~dcd .

2. Under an assignment from th~ ?.osearch and Technology
~cpartment of th’~ Naval M.r Systems Co~~and , we are socking
to predict naval aviation logistics rc~~i~rements for thedecade l9~ 5-l~~ 5. One ty~e of input intc th~ formulation ofthe forecast is to solicit the opinions of people who are
vitally interested in naval aviation and who heve given
serious thought to its future. It is to fulfill this
objective that we are fo~ iarding the ?AL~. questionnaire(enclosure 1).

3. The events delineated for analysis have been selected from
interview and research data and arc based on the criterion that,

• occurring either singly or co1lectively ,~ they would most signifi-• cantly int~act :ravy air onerations, maIntenance and support .
Event probability and time projcction fIgures, from which the
req uired support scenarios for the 1905—1095 period will evolve ,
can then be statistically doterninod. 

:1::: •- - • -— -  - - • •-
~~~~~~~~~~~
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ESA—835:T Z

8 DEC ~~
Subj: PALR (Prediction of Aviation Logistics r.cquirements)

Study

4 . Please feel free to duplicate and distribute these cp.estion-
naires within your organization to personnel whose response you
feel will contribute to our objectives . Your response to this
questionnaire is crucial to the success of this program. Fore-
cast credibility is greatly dependent upon the number of re-
sponses received. In order to meet our schedule we would liJze
your responses by 30 DecemJ~er 1977. A self addressed envelope
(enclosure 2) is included for your use. If you have any questions,
please feel free to call either Harry roster or Pete St. Jean at
(202) 433—406 3 or Autovon 288—4063.  -

5. The final f indings of thIs effort will be suz~~arized in
a report scheduled to be published in ~caxch 1978. Distribution
will be made to all who have participated in formulating the
forecast. Thank you for your cooperation in helping make this
forecast a truly viable device that can be used with confidence
by all, of us in planning the future support of naval aviation .

L.R. Hunt
By direction

Prep by: E.E. Foster , X34063
L. Lopo
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P1~LR QU:sT :c~~:AI:~~
THIS PAGE IS BEST QUALITY FRAC?IC.&BLZ

~ ~~~~~~~ IO DDC
The l i s t  of cu o st i on s  ~;h i ch  fcl~ ow relate to the prcbabilizv of

occurrence of events which seem to be of potential significance to
the area of ~a~y aircraft main:enance end,’cr :he A’.A~~ accuisitioninaxmgeir.cnt process. For each of the thirty events consi~iered , w~
‘~~uld i~~e you to indicate vc’ur o~ inion of the urobebility of itsoccurrence orior ~o 1935 , 1990 ~ r.d 1995 respectively. All that is
needed is for you to check the aeoro~~riate boxes in the array providedas ~.hown in the Sample £vent  below . if you feel yourself to be unable
to provide even an estimate in a speci f ic instance , please pr oceed to
the next question .

What do you believe is the probability of each of these events
occuring no later than the date shown?

SAiMPLE EVENT: Limited regional weather 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

control at an acceptable ______________

cost becomes feasible.
:1~9~9~ l I Vj ~

— _ _ _ _ _ _ _ _ _ _ _ _

1. EVENT: Solicitations to industry for major ~~~~~~~~~~~~~~~weapon systems are expressed in - 1/

terms of mission nee~ s, f reeing the —_______
contractors to propose their own
technical approach . --

~~~

J 4~ • f~~ ~~~~~~~~~ ,
, . .

2. EVENT : 30 0 % increase in price of aviation 
—

fuel ( J?5) over 1977 price in constant ~~~~ 
— - 

-

do1~~ar;. -

3. EVENT : ~eoair facilities at Naval Air /4~’ ’ J ,/ ‘~~ ~~~~~~- -‘

Stations totally manned by
civilian s.

1~9 5 f

q, ~, 
•‘4 .  EVENT : All NARF s manag ed and operated by / 4° ~~~~~~~~~ ~~~~~~~~~~~~~~~~

contractors. /~/ /~/~ ~~~-~~-

~~b±~~ ~~~~~~~~~~~~~
,

5. EVENT: D~ecision made to extend the  l i f e  ~~~ ,~~~~~~~~~

of the F-4 t?~xough CILOP .

I 
•

~~ r-i----r-—-- -p--— . -

~~ ~
,

6. EVE N T : Z’-lS cioployed to the opera t in g  
~~~~~~~~~~~~~~~~~~f l e e t .

~~~~~~~~~ (1~ 1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ • . • -



Wha t do you believe is the probability of each of these events
occurring no later than the date shown?

7. EVENT : The routine use by NAVAIR of -

w a r r a n t y-t y p e  c o n t r a c t s  whereby
the contractor is held account-
able for repair throughout the ‘~~ o’
life cycle of a weapon , or for 2C~ S I
some spec i f ied  period fo l lowing
delivery .

j  0 
~~

, 
~~,

, /~
. / I -.

8. EVENT : Incorporation of the functions 

~~~~~~~~of ASO under the management —

of AIR—04. 199Th - - 
_ ___

- .

9. EVENT : Integration of all avionics
functions into a single package
for each aircraft type. I 

-

l99~ ( L~i

~~b ~~~

10. EVENT : RPVs replace 50% of manned aircraft
for combat missions . / ~ .

~,, ~~/ ‘3~

I : ; .

19~ Th
l9~ S’ II _- .

~.11. EVENT : Long range land-based Navy aircraft  
~ ~perform the Navy ’s sea—control ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

miss ion • ‘ 
~—‘± —

I 
______ _______

12. EVENT: U. S. carrier force reduced to ~08 CVAs.

• _________ — -

I - -

I I

13. EVENT: No overseas bases available
to the Navy in peacetime /_~L~~”~”~ ~~

‘

outside the Western hemisphere.  
_ _ _ _ _ _

1995 1 -

q. ~~~~~~~~~ 

-

14. EVENT: Deployment of V/ STOL—A as / 4° 
~~~~~~~~~~~~~~~ ~~~~currently envisaged by NA VAIR .

THIS PAGE IS BEST QUALITY PBACTLCABII~ ____________
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~~~~~~~~~~~~ --~~-~w-
r What  do you believe is the probability of each bf these events

occurring no later than the date shown?

~~, -
~~~~ c~

•I
~

~~~~~r’ ~~~~~~~~~~~~~~~16. EVEN T : Devclop~ent and w~dcspreac use ~~~~~~~~~~~~~~~~~~ -
of non-fossil sources of power
for aircraft.

199C1~
1~9~ I I

17. EVENT: 50% replacement of t ra in ing  f l i gh t  - 
~~~~~~~~~~~

activity by use of simulators.

• 
I I

- t . I

~~~

18. EVENT: Use of fault-tolerant design and / 4 ,~’,~/ ~~~~~~~~~~
performance moni toring to the __________________
extent that pilot is only informed L9a~ I I

of malfunctions when mission :-~~capability is degraded . I

~~

19. EVENT: Most Naval a i r c ra f t  maintenance 
~~~~~~~~~~~~~~~~~~~~~~~~instructions stored electronically J~~/~~/~,/~~/ ~~~‘

on—board ships . 1985~ I

1~ 9 O I  I

1995 1 I -

20. EVENT : Concept of VAST (Versatile o
Avionics Shop Test) for  use in ~~~~~~~~~~~~~~~~~~~~~~
I—level maintenance is dropped . 

I
’ 

~~~

21. EVENT : Performance monitoring with automatic ~
trend analysis  wi l l  contro l 0-level /47,~’,t~ 1~/ ~~~~ -~~

maintenance. ~~

~~ ~ b ~ —
22. EVENT: Civilian—manned ships used for

intermediate-level aviation ~maintenance. 1,~$ 5 I
L~~O I

1~9~

23.  EVENT: No module repair in shipboard o ~~~~~~ ~~~~
- 

~~~

intern~ dia~ e level ma~ ntonance , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.:-

~ -~~
‘ -Y

only tOst and replec~~. __________________

THIS PAGE IS SE-S I QUALITY ?~~~~~~UA~~~b
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occurring no later than the date shown?

24. EVENT: Unionization of military forces .

I -

119Th - _~~~~~

19951 I I I

25.  EVENT : Cruise missiles control led/  • 0 ~~ ~guided by Navy a i r c r a f t .  
~~~~~~~~~~~~~~~~~~

l990 1

1195 -

~~ ~‘

26. EVENT : E f f e c ti v e  an t i- sa te l l i t e  capabi l ity  ~ 0 ~3 ~? 2~• 141 , 1/ ‘ ‘/~~~‘f /  ‘
~~deployed by hostile power . 

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

I I I I I

t i - i - ,

1.9951 I

27. EVENT : All newly acquired a i r f rame ~~
.

structures are made exclusively / .c~’ ~~~~
‘ ,‘

~/ 
73’~’~ ~~t

of composite materials . _i
/_

~~~~~~
V/r

~~
/

~~~
/

~~~
/ ~/~ /

I I

28. EVENT: The regulation prohibiting use of
women for Navy combat missions is 40 I~~~~~~~,

IO
/ ~~~~~I~/~~~~ ’

abolished . 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I - -

- 
I

- I

c~ ?I, 
~,29. EVENT : Th e position of Deputy Program

Manager/Logistics is established _ (~~/ ~~
“ ‘ :

in NAVAIR. 
I - -

OPTIONAL ADDITIONAL INFORMATION

The responses to this questionnaire will  not be ascribed to a
particular respondent. For our own informa tion , however , we would like
you to indicate:

-1
Name ________________________________
Organizat ion __________________________________

Nilitary rank , if applicable 
-

Nanagement position —

Area of primary respcnoibilioy 
—

4 THIS PAGE IS BES T QUAL ITY PPACTICA.BXI~FROM O()PY PUR24IS}1~~ ro DDQ ~~~~~~~~~~~~~~

—



-~~~~ - • -  --- V •  - -

• VOLUME 2

QUESTIONNAIRE RESULTS (SYNTHESIS)

- ~~~---~~~~ - • . . • • - -- ---~~~~~~~~~~~-~~~~~~~~~~~--•---- -~~~~ - -

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

j



EVENT 1 EVENT 6 EV ENT 11

~ 26% p
85 = 41% p

85 
— 8%

P90 43% P90 
— 64% P90 — 18%

P95 56% P95 76% P95 — 32%

EVENT 2 EVENT 7 EVEN T 12

P85 26% 
~85 = 28% P85 — 14%

P90 
— 51% P90 = 47% p

90 —

P95 74% P95 60% P95 52%

EVENT 3 EVENT 8 EVENT 13

R 15% P85 
— 19% P85 — 10%

P90 
— 30% P90 32% P90 

— 22%

P95 42% P95 — 40% P95 
— 32%

EVENT 4 EVENT 9 EVENT 14

P85 13% P85 12% P85 — 8%

P90 = 25% P90 = 28% P90 
— 25%

P95 = 36% P95 = 41% P95 
— 50%

EVENT 5 EVENT 10 EVENT 15

Pa5 — P 85 
— OMITTED

P90 
— 30% - P90 

— 19%

P95 
— 26% P95 

— 34%

p — probability of occurrence by year l9xy.



EVENT 16 EVENT 21 EVENT 26

P 85 
— 4% P85 — 16% P85 

— 43%

P90 
— 17% P

90 — 39% P90 — 70%

P95 
— 36% p

95 
= 62% P

95 
— 86%

EVENT 17 EVENT 22 EVENT 27

P 85 
— 23% P85 

— 4% P85 — 11%

P90 — 46% P90 13% P90 
— 30%

P95 — 66% P95 — 20% P95 
— 44%

EVENT 18 EVENT 23 EVENT 28

P 85 
— 15% P~5 — 17% P85 

— 22%

P90 — 38% P90 — 36% P
90 

— 41%

P95 — 60% P
95 — 53% P95 — 56%

EVENT 19 EVENT 24 EVENT 29

= 24% P85 — 8% P85 — 41%

P90 — 51% P90 — 15% P
90 

— 58%

P95 
— 717. P95 — 21% P

95 
— 68%

EVENT 20 EVENT 25

P 85 
— 15% P85 — 24%

P90 — 37% P90 
— 52%

P95 = 57% P
95 

= 69%

t 
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EVENT 1 SoliciLa tions to indu stry for majo r I.~capons sys tc— s

are c~presscd in term s of mi ssion needs , fre cin c the
100 • contractors to propose their ow~t technical  appr o~ic h.

80

Probability

of Occurrence
(2) 60

-a-—
-a

--a

40 a.-
‘
a.

/
/

20 -

—I
1980 1985 1990 1995 2000

Year

E1.IENT 2 - 300% increase in pri ce of aviation fuel (3P5) over
1977 price in constant dollars.

100 -

80

Probability

of Occurrence
(2) 60 - /

/
/

/

/
40 /

/
/

/

20

- I_

1980 1985 1990 1995 2000
• Ycer

- - a  •-a- - a

a—- -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— — —~~~~~——— --—



EVENT 3 
- 

Repair fsci l l t foe at Nava l Air Sta tion ; tota lly ~~ naed by
civilians.

100 -

60

Pr obability

of Occur rence

(2) 60 -

— a.qO -
a.

‘
a.

/
20

/

1980 - 
1985 1990 1995 2000

Year

EV ENT 4 All NARFs managed and operated by contractors .

100

80 .

Probability

of Occur r ence
(2) 60

40

a-
-a

20 a.
/

1980 1985 1990 1995 2000

Yea r

t - - a - -

- -~~ — -— - - -- -— - — -- —-a -——- - - — —— -~~~ - —---—~~--— — — -~~~~~ a____ - _______
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EVENT 3 Decision made to extend the l i f e  of the F—4 through
CILOP.

100

80

Probabilit y
of Occurrence

(2) 60

40

20

— I

1980 1985 1990 1995 2000

Year

4
EVENT 6 P—18 dep loyed to th e operating f leet .

100

80 -

Probability
of Occurrence ., 

/

(2) 60 • ,‘

/
/

/ ~0-

/
40 1 a .

20 -

I —

1980 1985 1990 1995 2000

- Yea r



5V~~~T 7 IIi. rout ine use by flAVA1R of ~~~~~~nt y - t y pe ~~ ontr4 ct s
uhoreby the contrac tor  is hold account able for repair

100 th rou ~ liout the l i f e  cycle of a veapon , or for some
specifi ed period following delivery.

80

ProbabilIty

of Occurren ce
(2) 60 a a.

a.-.

‘
a.

‘
a.

a.,

40 /

/
/
,

20

1980 
- 1985 1990 1995 2000

Year

EVENT 8 Incorporation of the functions of ASO under the managenent
of AIR-0 4 .

100 . 
-

80

Probability
of Occurre nce

(2) 60 •

4 0 .  
.

-a
a-

—
a

6-a

/
a 20

1980 1985 1990 1995 2000

- Year

L ~~~~ .. - 
—- --a- - - - — — -  --

~~~~~~~



EVENT 9 

- 

Integration of all avionics function s tnt. a s1n&1.
package , for each aircraft  type.

100

80

Probability
of Occurrence

(2) 60 -

40
/

a.

-a
a.

a.-
-a.

CA

/
/

1.
1980 1985 1990 1995 2000

Year

EVENT 10 RIVa replace 50% of manned a i r c r a f t  for combat missions .

100

80 -

Probability

of Occurrence
(2) 60 a

40 - 

-

a.
a.

/
‘

a
‘V - a.

-aa.a.-
a.-

/

1980 1985 1990 1995 2000

Year

~

- - — -

~

— - --

~
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~
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- - -  - L~~~~ VU~ 5W 5 m-.-- ~~~v,’ UITCTRYC perform the

F - Navy ’s sea—control mission.r -

80

Probability

of Occurrence

(2)  60

40

,
a.
.

CA a.
-a

a-

a-

1980 1985 1990 1995 2000

Yea r

EVENT 12 U. S. carrier force reduced to 8 CVAs.

100

80 -

Probabili ty

of Occu rrence
(2) 60

S
‘ a .
/

4 0 .  - /

,
/

/
/

/
20 /

/
I

1980 1985 1990 1995 2000

- Year

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  —-



EVENT 13 No overseas bases available to the Na vy in peacetime. I
outside the Western hemisphere.

100

80

Probability 
-

of Occurrence
(2) 60 -

40

-a-

-a---a...
-

a

20 a..- ’

-a-

‘
a.

a,

1980 
- 
1985 1990 1995 2000

Year

EVENT 14 Deployment of V/ST OL-A as currently envisaged by NAVAIR.
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PALR Questionnaire Respondents

Agency/Company N,umber of Responses

AIR—Ol 1
AIR—0 3 1
AIR—04 1
AIR—340 1
AIR—401 2
AIR—411 1
AIR—412 2
AIR—4101
PMA—270 2
NOP—05 3
NOP—514 3
Defense Logistics Agency 1
Aviation Supply Office 5
Naval Aviation Safety Center 3
Naval Training Equipment Center 1
Naval Aviation Integrated Support Center 2
Naval Air Station , Miramar 2
Naval Air Engineering Center 3
CO~~AVAIRPAC/NARF North Island 19
NAVELEX Engineering Center, San Deigo 1
NARF Pensacola 6
Naval Air Development Center 3
Naval Air Propulsion Test Center 1
Naval Ship Research & Development Center 4
Naval Supply Systems Command 3
Navy Office of the Comptroller 1
Office of Naval Research 1
Naval Material Command 1
NAVAIRSYSCCMREPLANT 2
General Dynamics 2
Boeing Aerospace Company 1
General Electric Company 5
Westinghouse 29
Sperry Research Center 2
Collins ?adio Group , Rockwell International 8

• Logistics Manaqement Institute 1
Bcoz Allen and Hamilton , Incorporated 2
The George Washington University 3
Texas Instruments 8
Pratt & Whitney Group , United Tech. - 7

• Vought Corporation 10
NAVPRO, Vought Corporaticn 1
Lockheed California Company 3
Grumman Aercspcae Corporation 5
The Analytic Sciences Corporation 1
Congressional Office of Technology Assessment 1
Department of Commerce 1
National Aeronautics & Space Administration 3
Honer~ell , Incorporation 3
Textron :r~ccrporation , Bell ~e1icopter 8
Rockwell International , Aircraft Division 4
Lockheed Georgia Company 1
Sikorsky Aircraft 3

——- --- • — -• --- - —.-— ,-- --- . — - -—-
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EVENTS RELEVANT TO GROUP 1: MATERIEL ACQUISITION MANAGEMENT

1. Solicitations to industry for major weapons sytems are expressed in
terms of mission needs , freeing the contractors to propose their own
technical approach.

2. 300% increase in pr-ice of aviation fuel (JP5) over 1977 price in
constant dollars.

3. Repair facilities at Naval Air Stations totally manned by civilians.

4. AU. NARFs managed and operated by contractors.

5. Decision made to extend the life of the F—4 through CILOP.

6. F—18 deployed to the operating fleet.

7. The routine use by NAVAIR of warranty-type contracts whereby the
contractor is held accountable for repair throughout the life
cycle of a weapon, or for some specified period following delivery.

8. Incorporation of the functions of ASO under the management of AIR—04.

9. Integration of all avionics functions into a single package,
for each aircraft type.

10. RPV’s replace 50% of manned aircraft for combat missions.

11. Long range land—based aircraft perform the Navy ’s sea—control
mission.

12. U. S. carrier force reduced to 8 CVA ’s.

13. The position of Deputy Program Manager/Logistics is established
in MAVAIR.
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DESCRIPTORS RELEV ANT TO GROUP 1:
MATERIEL ACQUISITION MANAG~~1EN T

DESCRIPTOR

Navy bud get

Reliability

Manpower per flight hour

F Maintenance costs at 0, I and D levels

Number of NORS (Not operationally ready—supply)

Number of NORNS (Not operationally ready—maintenance)

Number of aviation ratings

New procurement costs

Training costs

Mission capability

Total number of flight hours

Navy aircraft inventory

Maintenance cost per aircraft by type

Fuel costs

_ 
~~~~~~~~~~~~~~~~~~~~~
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EVENTS RELEVANT TO GROUP 2: AIRCRAFT MAINTENANCE AND PERSONNEL

1. No overseas bases availab le to the Navy in peacetime , outside the
Western hemisphere.

2. Repair facilities at Naval Air Stations totally manned by civilians .

3. All NARFs managed and operated by contractors .

4. Decision made to extend the l ife of the F— 4 through CILOP .

5. The rout ine use by NAVAIR of warranty—type contracts whereby the
contractor  is held accountable for repair throughout the life
cycle of a weapon , or for  some specified period following delivery .

6. Incorporation of the functions of ASO under the management of AIR—04 .

7. R.PV ’s replace 50% of manned aircraft  for combat missions .

8. Long range land—based aircraft  perform the Navy ’s sea—control
mission.

9. U .S .  carrier force reduced to 8 CVAs .

10. 50% replacement of training f l ight  activity by use of simulators .

U. Civilian—manned ships used for  intermediate—level maintenance.

12. Unionization of military forces .

13. Effective anci—satell~ te capability deployed by hostile power .

14. The regulation prohibiting use of women fo r  Navy combat missions
is abolished .

1 
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DESCRIPTORS RELEVANT TO GROUP 2:
AIRCRAFT MAINTENANCE AND PERSONNEL

DESCRIPTOR

Navy budget

Reliability

Manpower per flight hour

Maintenance costs at 0, I and D levels

Number of MORS (Not operationally ready—supply)

Number of NORMs (Not operationally ready-maintenance)

Aircraft operational readiness

Number of aviation ratings

New procurement costs

Training costs

Mission capability

Total number of flight hours

Navy aircraft inventory

Maintenance cost per aircraft by type

Ratio of off icers  to enlisted personnel

Fuel costs 

--~~ -- ~~~-~~~~~~~~~~~~~~~~~~~ -~~~~~ - J
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EVENT S RELEVANT TO GROUP 3: AIRCRAFT MAINTENANCE AND EQUIPMENT

1. 300% increase in price of aviation fuel (JP5) over 1977 price in
constant dollars.

2. F—18 deployed to the operating fleet.

3. Integration of all avionics functions into a single package, for
each aircraft type.

4. Deployment of V/STOL—A as currently envisaged by NAVAIR.

5. Utilization of fiber optics in operational aircraft for on—board
data transmission.

6. Development and widespread use of non—fossil sources of power for
aircraft.

7. Use of fault—tolerant design and performance monitoring, to the
extent that pilot is only informed of malfunctions when mission
capability is degraded .

8. Most Naval aircraft maintenance instructions stored electronically
on—board ships.

9. Concept of VAST (Versatile Avionics Shop Test) is dropped for LvA.

10. Performance monitoring with automatic trend analysis will control
all. 0—level maintenance.

11. No module repair at intermediate maintenance level, only test and
replace.

12. Cruise missiles controlled/guided by Navy aircraft.

13. AU newly acquired airframe structures are mad e exclusively of
composite materials.

14. The position of Deputy Program Manager/Logistics is established
in NAVAIR .

L - . • ~~~~ 
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DESCRIPTORS RELEVANT TO GROUP 3:
AIRCRAFT MAINTENANCE AND EQUIPMENT

DESCRIPTOR

Navy bud get

Reliability

Aircraft down—tim e

Manpower per flight hour

Maintenance costs at 0, I and D levels

Number of NORMs (Not operationally ready—maintenance)

Aircraft operational readiness

Time to repair (0 and I level)

New procur ement costs

Training costs

Mission capabil4 ty

Total number of flight hours

Navy aircraf t inventory

Maintenance cost per aircraft by type

Fuel costs

L .
~~ ~~~--—-—- - -  ~~~~

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



I

VOLUME 2

PL’rEL RESULTS (SYNTHESIS) -

_ _ _ _ _ _  _  ~~~~~~~~~~~~~~~~ _ _ _



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

S . 
1JIDQ~~i~~i NOI1!S1flÔ~Y IllillYw i~ 4ftO~~

in it CO~ 
c. a c~ 0

C”~ In 4 N N ,-4 1-4 ,-~ c.~ ‘.0 r 4

.44’4q ) j i i
~~~~~• a~ 4 0 ‘.0 ‘.0 03 r—. in ,—4 - N 0’. 0”. .—4 0

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

-~~ 
_ _ _  _ _ _  

-:; ..
~ 

it, .a N

N 03 PI N (“4 03 0 N in ~4’ (“.1 C’~

~~~~~~ (..; (5; C..; CS; ~~ 
,..

~ 4—.

“°M 141 fl 0’ .0 C l  .4’ Ill 0 
- 

—a 4’ 0 .4’ 0
I. i.q~~~~~,io~ 

• • •

0 —

~1fl~qI4~) ‘°P’JII (“'1 0’ - —a —a N .—4 In (‘1 UI ‘.0 03 UI (‘I

-~ ~~i (‘I N .4’ in n Cl -a -a UI N

•2i03 ~~~~~ C’. N 0’ r4 0 Ci N 0 ‘.0 (‘4 ~~4 0) -~~

Cfl ~~ c.’, -~ C1 Cfl -~ -4’ C.I -a r-4

‘-4 in (51 0) In 0 03 N -4’ (‘1 0 0’
1,i~~ 3n3o,d ~~~ •

-a C’.i -a -a N UI in in in N

-a ‘- ‘~~ °~ 9 °.
~O13r1*I JO ~‘c~ ’~ C l  1—4 (fl (‘l .—4 .—4 (54 .-.4 N Cl 1.-I PI

~~~~O’ J O ”~~~~
.I i-I (fl UI C~ N .-4 ~~ N ‘.0 N ( 5 4 ’  (“4

‘.0 Cfl (‘4 .4’ .4 ‘4’ ~$‘ (‘4 -4’ N

o In N 03 N. UI (“I N 0 ‘4 N N -4’
-a N (“4 (54 -4’ ‘.0 -4’ in in N -4’ N

‘0 0 0 1 -~~ .... C C (“'1 (“4 0 6

Ii ~~O3 ~~~~~~~~~ it, C”J -4’ 4 c-I —a in N —a in —a in (“4

C’) N C’) MI ‘.0 03 UI - 0 0 03 N It, C”i.oq 3414TJ . . . . . . . . . . .
j ad ~~~~~~~ it, (‘1 ‘4’ C’) N ‘4 111 6’) In (“4 (“4 (“4

03 N Co -4’ 03 03 0 N N ‘0 -4’ 0 0’
• • •

-4’ C’) C’) C’) C’) -~ N N ‘0 -4’ -4’ C’) i-4

Co i-I ‘.0 -4 ’ 03 (51 ‘.0 .-4 ‘.0 I~~ ‘-4 ‘.0 N.
1.*pnq L.j~ . . . . . . . . . . .

‘.0 UI C’, -a -a -a c.’i -a it) In

4 — S — . 4 — — a 
— 

-

I ‘

/ g — . 
-I • ‘  • ~~::— ~~ ~ — — 4

/ • . —
.3 1 •

‘ — — 
~~~~

- . —  0 4 —
~ I U I ~ ‘~~~ :~ .t: ~~~~

~ I .~ ~ ~~~ :~ ::
*4 I al • — — ~~~_ 3 _  — . . 4  . .

‘I / ‘• • ~~~~~~~~~~ ~~.. g — -

~ / .~ • a.. • ~~~~~~ 
• • .: :

0 0  ~~~~~ ,
~~~~ •3 ~ 

a -

1- ~ • a.’. • — :;:: • _

j .:-~ 3 -. : . ‘ : t —  ‘~ : ~~ ~~~~
.

a :  ., ;:~~~ ‘a ~ a ;. • a  ~~~~ 
5 

- —I ~ — ••  a :  ~
— .~~e . r  al .‘

~~ :‘ — . -

/ — e  ~~ • •~~~~~~/ — —  is iS — . — t  .• . ,  •~
~ . ~~~~~~ ~ •: :- a

/
1 

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

~

- -

~

- - -

~

- . - -~~~~~~~—~~~ - - - .- . - - - -~~~~~~~~~~~ —-—----—-,.~~ -~~~~~~~~ 



-rn” -— 

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

--—--- -

4’JIQIO5’134 Qil ‘~UIV4 &JYThJY :~ j J4~~~

•i.o~~t.~~ N (54 0 0 -a 0 N N 0) 0 0 (‘4 0

_ _ _ _ _ _ _  
-4’ -4 1 4  ~ 4 .-4 4 If) In UI U’) .-4 ,-4 “-4

~~~~~~~~ .—4 0”. 0 0 —4’ 0 0 —a ‘0 In N 4—. 0 0
• ‘.ITTSI 01 1113 . . . . . . 0 — .

13$ ~ JO 01113 -.4 .—l .—I ,—4 .—4 .—4 (53 (“4 p-I p—4 (N 1 .-4 p.4

.tLi £~ I J . I~

.14 1 314 1133 (“3 0 N ‘0 —4’ ‘.0 C’) Co U ,  N 0’ I/) i—I N
•‘iOSOlf. IVW Cr; N c’.; 

_ _ _ _  

,-; 
___  _ _ _ _  _ _ _ _  

C. 
_ _ _ _  

C 
_ _ _ _  _ _ _ _

I’-. -4 (‘4 N 03 0 ‘.0 N ‘.0 ‘.0 - 
~~4 0 —~ 0 -iJ ,1)3j. (~ t$ . — . . . . • 0 0 .

C’) 4 p-I p—4 .-4__- ‘0 - 
‘.0 ‘0 -i- u-4 •-4 P 4  1-4

i3fiO q ig 1;~ j ~~ i—I 0 03 Ill 0 in C’J —a ‘.0 -.4 ‘.0 0
so 1.qrI s r,1.L • . . 0 • • . . . . . I

C’) - .—4 .-4 r’4 .-4 Ill N. Ui In ~ 4 ~~I 1-4

C’, (‘.4 0 N 0 p.4 N 0’. 0 M~ ‘4 .4’

-a N i-I C’) (“1 N In in ‘0 (54 N In i—I

0

•3I03 ZO;SP z~ 
N N It) In r ‘..0 N ‘.0 0’ (“4

— N -4’ e-4 -4’ -4’ C.) UI N .-4
a

,,,•, ‘.0 U ‘.0 C’) ‘.0 ‘0 0 N N ~~ ‘.0 0 C’) (‘4
IUO..3n3034 ~1N ‘~ 4 —4 i—I —4’ in ‘—4 ‘.0 Ifl -4’ -4’ p-I r-4 C’)

SIUT31I SOTIVTAS 
C. C” ) ‘4 0 1 0 It 4 N. .-4 0 0

JO ~~~~~ .—4 (‘1 i—4 ,—4 p.4 ~~4 (“1 r— 4 rl ~~4 1 i—i p-I

“~lp” ‘4~~S0 ’43 
.4’ N Ui 0 U’ 0’. C’) (51 ‘.0 U~ (‘4 0

—tI.40 13S~~ 2T Y (‘1 N ,—4 (“4 -4’ (“1 C’) —.4’ (‘4 N (‘4 .-4 i—I p-I

4
5w30g je 3.qo H 0) .4 r-4 (‘4 ‘.0 0 ‘0 N 0 N -a c’4 0 0

N 4 1 (“4 C’) (54 C’) (1-) C’) C’) i-I p-I .-4 i-I

‘0 r-4 (“1 ‘.0 -4’ 0 In In C’ 0 03 ‘-4 (“1 0
s’zo~ ~. iaqU..i ~ . . . . . . - • . . . . .

C’) ,-I i—I (‘-4 (“4 C’, C ’) C ’) N -4 ’ .-4 4 .—4 i-I

-a a) in r-4 C’) C.’- 0’ C’) (‘4 C’) U)  ,‘I 0 (‘4
* ap ” i ‘o .  . . . • . . . • . .

1.03 •SZTUO’ .0 I’.4 (51 (“1 (51 C’) -4’ .—4 —4 —4 —4 In C”) C”) i—f p-I

-I
0’. -4’ 0’ 0 (“4 ,-4 (‘1 It, C’) -4’ 03 0 (“4

3iSO~~~~ *f $34J  . . . . . I
i.d J.A04 3?$4 —I (“1 ,—I N -4 ~~4 -4’ -4’ N -4’ .-.4 p.4 p-f

C’. N. N ‘—4 ‘.0 4-- N ‘.0 ‘—4 0 N. N C’) C”)
‘im- i’,l’i ‘-.~ ,S; - C’..; (5; i-- C

i—I 0 N CO It, 0 0 “1 UI 1”- -4 0) .4 N
j ,7~n~ .C, j~ . . . . . . . . . . . .

-a -a -a C’, -a N ‘.0 In ‘.0 In it, C’, -a

/ ~ 

.

~~~ —

/ ! ~ -
/ . •

~ I ~~: .~ IL I

/
I :~ :~~ ‘ ~~ ~~~~ ~~/ : - -f. ~~~~~~ ‘ ~~~ ~. 0; -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ii  ~~~~~~~~ ~: ~~~~ ~~~ — ‘  ~: ~

- ----
~~~

- ., -- - ---
~~

- -
~~~~

-- -
~~~~~~-



- —.-- --—- --- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~-,-—.- -.~-~ --.-—- ,- --

A.’ 4L’~f.’1 (‘CV J L ’ ~1’.~ L~Y4)~.LY ‘. C .X~sO

- N C’) 0 0 0 ,-~ 0 0 0 N * N. . . . .
N N r-l -4’ I~.I ~ 4 i-I .-4 p-I ,-I

.441 L~ 13011 ,-4 03 p-f N in C’. r-f 0’ ‘.0

~~ U.; ~- N -  N C’) -4’ (‘4

(“1 it) U’) N. 0 N 0 (“‘1 (‘-4 C’) ‘.0

IJ.,31;T St1-l ~‘) C”) 4 C’) r-4 4 p-4 r4 q-4 ,-4 N

0”. -a in 0 .-4 - .-q .-f IA c-- -4’ N

‘.0 N ,—4 -4’ ,-I (51 4 i--I ,-4 ,-4 N

N 4 ‘.0 UI N UI -a N. N 9 C’)

‘°‘“ ~ l’. r~ c’) ‘.0 C ’) —4 r—4 N (‘1 —4’

— 

lii.o N It) N Ui 0’ ‘0 UI N r-f it’. UI 
—

.4’ C”) UI 11) 4 C’l N (‘-1 C ’) C’, (“4

,TS.3 1.i 0’ -4’ ~~ N U’) ‘.0 0’ 0’ -a N N

(Si UI *0 ‘.0 (“3 N C-i N 4”) ‘~~ 
N

(t;~a t 1  N . -a N ~ N in Il) 0% 0 0

.03 “1 ~~~ c-,~ m .o N C-I C’) C”) —.4’ (“1

••~~ ‘.P’~ . .—I N “.0 0’ ‘.0 (.1 UI ~ 4 UI UI C’
‘45001 i.i$d, • . . . . • • .

23v3331Y C’) —a -~~ 
N -a (‘~3 C )  In C”) -.4

a
C’ i-f -4’ 4’) N C ’) ‘.., N 0

__________ _____ ______ 
UI 

______ ______ - 
C”4 N N 4’ N 

—

a PS’ 0% ‘0 03 4’) 0) C’ 0 ~~ N -4’ ‘0 C’)

rn C’ ~~ c~; C.’) (SI -a -a N N

0) ‘.0 ‘.0 ‘.0 0”. 0”. N 0) i—I 0 .-~ N

3.d 3a’.~~~,4 -4’ C”) -4 ’ -4 ’ i--f N N i-f -a N N i--I

c-I ‘.0 N. 0’. ~~ 
.
~ ‘ ~~ 0 p-I N N

1J_,3,31, 
N C’) UI -4’ (“-3 C ’) N N C’) -.-I N

0 ‘.0 0 -4’ 4”) ‘0 ‘—I ‘—4 N. ~~ ‘.0 ‘-.0 0”.

6’) ‘.0 UI -4’ c’i C.) C-i i—f ,—I C-I i—I u—I

in ‘ C’ -4’ N C ’) 0 6’) -4’ 0”. ‘0 03 N. N. . . .
LI’) C’) C’) Il) N U’s N C’) -4 C’) C.) C.’) N

— S — 4 

— a a 0 — —

I i! !~ ~! ~I!1: ~~~I ~i 
::! 

~ 
___  

E !
~~~~~ :i~ ~~ ~ 

- — - - ‘ —  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - --



~- ‘~~~~~~~ - : I . ::: i~ 
-- 

~~~~~T T1? T

VOLUME 2

PANEL RESULTS (DISTRIBUTION)

_ _ _  _ _ _ _ _  - -~~-~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-.---- ---~ ‘- ---.----—- -- - —-- - ‘~~.‘~~rn”—~- --- ---’~ ~~~~~~~~~~~~ 
‘
~~~ ~~~~~~~

GROUP 1

I

- —-- -— -___ - — ~~~--- _a__ - - - , _ _ _ _ _.___ __  



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

RECORD I~ G SHEET Page l’.Xuiib~ r __________

~~~~~~ 

‘1 VOT t~:o 1. J 2 4 8

1 1. 12 L 4.8 25 42 33

I 2 12 4.8 25 - 42 33

I .
~ 

12 5.3 17 42 42

1 12 5.6 17 33 50

1 5 12 4,0 17 8 58 17

1 6 12 6.1 8 33 58

‘ 1
1 7 12 2.4 33 42 17 8

j  8 12 7.1 8 8 83

_ _  

1 12 :  ::‘ :: ::.
1. 11 12 2.9 33 17 42 8

1 12 1V 3.7 25 8 
- 

50 17

1 13 12 7.0 25 75

1 14 12 3.3 50 8 17 25

_ _

_ _ -

~

1]  

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

-— --- - - --- - -~~ 



~ - _ 
-

RECOR DING SHEET Page Number —

R 1COL _~
) voT r

~
:c J~ 

ML~.N 1 

J 
2 4 8

’ 
—

2 1 12 6.1 8 32 59

2 2 12 3.2 42 25 8 25
_________________ — 

Ii
2 3 12 3.2 58 

-____________ 

17 25

2 4.  12 2.0 42 33 25

2 5 12 2.5 42 25 25 8

2 6 12 3.3 33 17 33 17

2 7 12 1.8 67 25 8

2 8 12 4.5 25 50 25

2 9 -12 3.7 25 25 - 25 25

_____ 

____ 

_________ ___________

~~~~~

_________ 

:: 
_ _ _ _ _ _ _ _ _

: 
--?

~

----- - ::- - - . - 8 42 1:: : 

‘
~~~~~~~~~~~~~~~~~ — 



~~~p--

1—3
RECORD I~ IG SHEET Page Num ber -

CCL. VOT E~~ 1 2 4 8

____________ 

~
__________ 

— 
_______ 

:: - E :~ E

12 4.9 8 25 25 42

3 5 12 3.7 17 25 42 17

3 6 12 3.5 8 
[ 

25 58 8

3 7 I 12 3.7 25 25 25 25 
J

______ 

: :: —
~ ::: — 

2 :: 
__________  _________

3 10 12 3.4 25 25 33 17

_____ _____ ___________ ______________

~ 

___________ ___________ ___________ 

8

3 13 12 5.6 33 8 58

3 14 12 1.5 75 8 
• 

17

~

— - - ----- -— - 
~~~

- - - - - --- _ - -



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

1-4
RECORDING SHEET Page Number _________

~o~: CCL . .~ VOT I~~~:C 1 

J 
2 4 8

1 12 3.4 J 8 50 25 17

4 ( 2 12 3.4 25 25 33 1,7

12 J 3.5 33 8 42 17

12 4.5 25 50 25

4 5 12 2.8 25 33 33 8

4 6 12 
I 

2.3 33

4 7 12 2.8 67 8 25

4 8 12 2.8 25 33 33 8

4 9 12 3.1 42. 17 ‘ 25 17

4 10 12 2.4 33 42 17 8

4 13.

4 12 12’ 1.7 42 50 ‘ 8

4 13 12 3.8 
- 

17 17 50 17

4 14. 12 1.5 75 8 17

_ 
_ _  S  _ _ _  _ _ _  _ _ _ _ _  

--—~~- 



1—5
RECORD ING SHEET Page Number ________-

_ _ _  
J

C0L.~~L vorr~:c 1 2 4 
- 

8 J

5 
j 
1 ii. 3.8 9 27 45 18

~ [ 2 f 11 3.8 9 27 45 18

5 ~ , ! ii - 2.6 9 54 36

5 4 11 3.4 18 36 27 18

5 5 12 3.7 17 25 42 17

5 6 
- 

12 3.2 25 33 25 17

_ _  _ _ _  - - _ _ _

5 j 7 12 1.9 58 17 
- - 25 - —  _______

S 8 12 4.5 33 8 
- - 

17 42 -

5 9 12 4.0 50 - 25 25

5 10 12 4.7 8 17 42 33

: ~~~~~~~

— — ‘ 
‘ 

• -  :: ~ 
- - -- - -

~~ ~: .

5 13 12 3.7 8 17 67 8

5 14 12 2.8 25 33 33 8 

- - - - - - - -



- 

Page Number 
_ _ _ _

R3~~ CCL. I v0T t~:C ME~~ 1 2 4 8 
—

‘
~~~ . 

E :~~ 

4.2 8 2 5  42 25

6 4 12 4.8 8 67 25

6 5 12 4.5 8 25 33 33

6 6 12 ( 4.1 25 58 17

6 7 12 1.7 58 25 17
______________________ __________________ 

I
_______________________________________ ________________________________________________ 

______________________________________ ________________________________________ ________________________________________ ______________________________________

6 8 12 4 .0  
- 

25 8 42 25

6 9 12 3.9 8 25 50 17

6 10 12 5.1 25 33 42

6 13. 12 2.8 17 50 25 8

_ 
- 

25 
_  

2:

_________________ —~~~~~~~~~~ —~~~- — - -——  -- - - - - - - ~~~----~~~ —~~-—~~ -‘ —-— ---— — ~~- ---—- - -



~~~~
, 

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

_

~~~~~~~~~~~~~~~ 
—

~~~~ - -

RECORD ING SHEET Page Number 
- 

17  
-

R3~: CCL. I 1 2 4 8

_________ -L ______________________ 
__________________ __________________ __________________ __________________

7 3. 12 4.6 17 8 42 33

7 
( 

2 12 7.0 25 75

7 3 1 1  12 5.5 8 50 42

F 12 5.1 8 58 33

7 5 J  12 6.3 17 17 67

7 6 12 4.8 42 17 42

7 7 12 2.1 
1 

33 42 25

7 8 12 3.8 25 67 8 

—

_ __

-

_ _  

1: ::‘ ~:: 
_ _

7 II 12 2.5 25 50 17 8

7 12 12 2.0 42 33 
- 

25

7 13 12 4.1 - 8 17 58 17

7 14 12 1.3 67 33

- . - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

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



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

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

-

RECORD ING SHEET Page Numb er _ _ _ _ _ _ _ _

R~ : 
( 

CCL. vo’r t~:c 1 2 4 
- 

8

8 1. 10 4.1. 30 10 30 30

8 2 10 2.7 30 40 20 10
________________ _______________ _________________________ _____________________________________ —.

8 3 10 3.0 20 j 40 3~ 10

8 4 10 2.9 10 60 - 20 10

8 5 10 4.7

8 6 ii. 3.1 27 - 36 3,8 18

8 I ii 1.9 73 18 9

8 8 ii. 2.2 27 . 
- 

45 27

8 9 1]. - 1.0 91 9 
-

8 10 II 
— 

2.3 
- 

36 27 36

8 11 10 2.0 40 40 20

8 12 11 1.2 73 27 
-

8 13 11 2.2 27 45 27

8 14 11 - 1.2 91 9

L. _ _ _ _  _________________________ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - ----



-~~~~~~~~- -

RECORDING SHEET Page Number -

C:. v::z’c 
I 1 

2 
1 

8

~ 2 1.1 6.2 9 - 27 64

~ ~! ii 5.0 18 45 36

9 4 11 4.3 18 64 18

9 5 I ii 5.0 18 45 36

9 6 ii. 4.2 9 27 36 27

9 7 U. 2.0 64 18 9 9

9 8 11 5.4 64 36

9 9 U. 

J 

4.6 18 54 27

9 10 U. 4.5 
— 

9 27 27 36

: ~~~~~~ — :: 
___________ ___________ ___________

9 13 11 4.9 9 64 27

9 14 11 1.3 82 9 
- 

9

_  I 
_ _ _  _ _  —

— 

_ _  _ _  
—

~

- 



1-10~~
RECORD iNG SHEET Page Number ________

RO~ CCL. -/ V0Tt~:G 1 2 4 8

10 1 1). 4.5 .9 27 27 36

10 2 1]. 4.6 18 54 27
_ _ _ _  _ _ _  

I 
_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

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

10 3 j 11 f 3.8 9 27 45 18

10 4 13. 5.2 9 54 36

10 5 11 5.4 18 36 45

10 6 1]. 4.6 18 54 27

10 7 12. 2.3 36 27 36

10 8 
— 

U. 5.2 
- 

9 54 36

10 1 4 1 1 3 . 5 28 19 33 19

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



1—11

RECORD ING SHEET Page Number _________

c:L . / 

- 
.

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

~~~~~ 

21 

1 
:~ _ _

U. 2 10 4.4 37 31 31

11 3 10 3.7 10 16 63 10

11 4 10 4.2 47 21. 31.

11 5 10 2.7 21 47 21 10

11 6 10 2.7 23. 42 21 10

11 7 10 1.6 53 37 10

11 8 10 - 5.0 31 26 42

11 9 - 10 3.1 42 - 58

11 10 5.8 47

11 11 [ 10 6.0 ‘ 10 31 58

11 12 10 5.2 10 53 37

11 13 10 5.1 26 31 42

11 14 - 10 4.8 21 42 37

___ _ __ _ -~~ L 1  

-- -



RECORD ING SHEET 

-

~~ 
Pace Numb;r

, 

-

~3:: CCL. I VOT I~:C ~~~~~~~~~~~ 1 J 2 4 8

12 1 10 5.6 10 42 47

12 2 10 3.0 37 31 10 21

12 3 10 2.5 26 53 10 10

12 4 10 5.9 22. 21 58
S

12 5 10 4.2 63 37

12 6 10 4.2 63 37

12 7 1 10 1.5 68 21 10

12 8 10 5.9 21 21 38

12 9 10 4.8 10 63 26

12 10 10 7.5 1 10 89

12 II 10 6.4 ‘ 10 21. 68

12 12 10 7.3 10 ~9

12 13 10 4.0 - 5 31 42 21

12 14 10 6.0 10 
• 

31 58

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



-- -~ - -~~ - - .-- - ---- - - ---- 

1-13

RECORD NG SHEET Page Number _________

R3~ CCL. -/ vor t~:c 1 1 
— 

2 4 8

_____________ 
______________________________________ _____________________________ ________________________ _________________________ ________________________ _______________________

13 3. 10 1.7 50 40 10

13 2 10 1.9 - 
50 30- 20

1’
13 10 1.9 50 30 

- 
20

13 4 I 10 2.3 50 30 10 
- 

10

13 5 10 2.4 40 20 40

13 6 10 2.3 50 10 40

13 7 10 1.0 100

13 8 10 ( 2.3 

— 

30 40 30

13 9 10 1.4 60 40 
-

13 10 10~ 1.3 70 30

13 11 
- 

10 1.0 100

13 12 10 1.1 90 10

13 13 10 2 .3 30 40 30

13 14 10 1.0 100 

~~-- - --- - - ‘- ‘—-~~~~
------

~~~~
--- - —  —-- -- --~~~~~~ --. - - -‘, --— 



GROUP 2

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



RECORD ING SHEET Page Number _ _ _ _ _ _ _ _ _

13:: COL . / V0T t~C 1 

1 
2 4 

— 
8

__ _ -  

- :: :: 
_ __ _

______ 

: -~ 
_________ ‘____________ __________  __________  __________  _________

1 5 
— 

16 3.6 25 19 37 19

1 1 6  15 2 .9  40 20 2’7 17

1 7 15 3.1 27 27 33 13

1 8 15 1.2 93 7

1 9 15 1.6 80 20

1 10 16 1.2 87 6 6

1 11 16 4.5 6 25 3 31

1 12 15 3.8 20 20 40 20

1 13 15 
- 

3 .7 27 13 40 20

1 14 15 2.2 20 60 20

1 15 
- 

16 1.1 87 12

1 16 15 6 .2 27 . 13 - 27 

--_.--- - --—- ---- 



- -- -
2—

RECORDING SHEET Page Number

- 

1:: 
CC:. 

/ 
_ _ _  

:3 

_ _  

33. 
I

2 2 16 2.7 31. ‘j 37 19

2 3 ~: 16 2.4 50 25 12 12

2 4 16 2.8 37 25 25 12

— 
2 

— 
5 16 1.2. 

J 
81 19

______ 

: 
___________ _____________ 

:: ‘— :: 
___________ 

6

2 8 13 3.3 40 13 27 20

2 9 16 1.5 69 19 
- 

12

2 

{
~~io 16 3.7 12 3]. 37 19

2 11 16 2.3 44 31 19 6

_

~~~~~~ 
19

1
- 1 6

: 

‘: 

- -~~~~~~~~ - —



RECORD iNG SHEET Page Number 
2-3

_____ 

[
CCL. ~ -/ V0T L~~ 1 2 4 8

3 [ 1 16 4.2 12 19 44 25 
- 

-

3 2 ii 16 1.2 75 25

1’ -a

3 3 16 1.6 56 31 12

3 4 16 2.5 44 19 31 6

3 5 16 1.2 81 12 6

3 6 16 1.1 81 19 .— 
3 

~~

7 1 16 1.7 75 12 6 6

: . — :: : 
- 

1: 

6



~ -~ — -~
RECORDING SHEET Page Number ________

13:: 
l

ccL / VOT t~ C MEAN 1 
J 

2 4 8

4 1 15 [ 3.8 13 40 20 27

4 2 13 3.1 27 27 33 13

4 3 15 2.9 27 40 20 13

4 4 15 3.1 20 40 27 13

5 i5 2.6 53 13 20 13

4 6 15 2.2 60 13 20 7

4 j 7 15 2.5 47 27 13 13

4 8 15 1.0 100

______ ____ _________  ____________  —4 9 15 4.3 27 7 . 33 33

4 10 15 2.5 33 47 7 13

4 13. 15 3.0 27 33 27 13

4 12 15 1.8 73 13 7 7

4 13 15 1.7 67 27 7

_  _  _  

13 13

_ _ _ _ _  —  - - 



- - - — - -  -- - - ---- -- --

2—5

RECORD ING SHEET Page Number -

13~: CCL . -t~ voTt~:c 2. 2 4 8

- 
5 1 15 4.5 7 27 33 1 ~
5 

- 

2 15 4.6 - 
20 53 27

~ .1 16 4.0 19 19 37 25

5 4~~ 16 4.3 19 62 19

5 5 16 3.4 19 37 25 19

5 6 16 3.6 12 37 31 19

I 16 4.0 6 37 31 25

5 8 16 1.7 75 12 6 6

5 9 16 5.6 6 6 - 37 50

5 10 16 4.3 19 12 37 31

5 11 16 _ 2.7 - 19 56 12 12 —

5 12 16 1.5 50 50 
-

5 13 16 1.8 62 25 6 ~6

5 14 16 4.4 6 31 31 31

5 15 16 1.4 87 6 6

5 16 16 1.4 94 6 

~~--- -



2— 6

RECORDING SHEET Page Number _________

13:: 
[ 

CCL. / VQT t~ 3 1 2 8

6 1 13 2.0 58 25 8 8’

6 2 13 1.7 77 15 8

6 3 13 1.3 85 8 8

6 9 13 1.6 85 8 ’  8

6 10 13 1.5 92 8

6 11 13 2.0 69 8 15 - 8

6 12 13 1.0 92 8 
-

6 13 13 
- - 

1.0 100 
__________ __________

6 14 13 1.6 85 8 8

6 15~ 13 1.0 100 -

6 16~ 13 1.0 100

_ _ _  

~~~- - 
~~~~~

-- 
~~~~~~~

- -- -— - - - - -
~~~~

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



- 
-

~~~~~ 2-7

RECORD ING SHEET Page Number _________

13’.’ 
[ 

CCL . -) voTt~:c ~E.-~ I 

- 

1 

J 

2 
— 

4 8

7 ç ~. 16 
- -

‘ 6.0 6 37 56

: ‘ : ~~

- :: ::: - 
~- 25 

— __________ ___________

_________________ ______________ 

ii ____________________________ ____________________________________ _____________________________ ______________________________ _____________________________ ____________________________- 7 4 16 4.0 19 31 19 31

- - 

7 5 16 
— 

3.5 3X 12 37 19

7 6 16 3.6 19 25 37 19

__  

- 
- 

_

13. 16 
- 

5.1 12 
- 

12 31 44

- 

7 
- 

12 16 5.5 6 j 12 31 50

7 13 16 6.6 6 25 69

_ _- - -- - — . - - .

7 14 16 6.3 6 31 62 - -

7 13 16 2.0 75 
- -  

6 6 11

7 16 15 5.7 13 13 13 60

L. _ 
_ _ _ _ _ _  _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-‘ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
2—8

RECORDING SHEET Page Number _________

13:: CCL. / Vat t~:c ~EA~ 1 2 4 8

8 1 I 16 5.5 6 12 31 50’

8 2 ~I 15 3.6 33 20 20 27

8 3 16 4.2 6 
- 

37 25 31

8 4 16 4.3 44 25 31

• 8 16 3.5 31 37 31

8 6 15 3.7 33 27 ‘7 33

8 7 , 15 4.3 13 27 27 33

8 8~~ 16 1.5 81 12 6

8 9 15 5.7 7 2 0 -  13 60

- 

______

- —n-- :: - ;:: - ‘: 1 :: ~: 
;:

8 13 16 6.2 6 31 62

8 14 16 4.8 12 12

8 15 16 2.4 50 25 12 12

8 16 16 5.8 6 44 50 

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

__________



r’
~ 

‘— -

~~ 

----— ____  

------ - - -=.. --- -—--- — - ------- 

2— 9

RECORD ING SHEET Page Number _________

1:: H / ~.::P:C 

_ _ _  

1 f 2 

~~~~ 

:7’ 

1 ’
9 1 2 i 15 2.1 53 27 13 7

if -

~~

9 3 15 2.5 40 40 7 13

15 4.2 40 33 27

15 2.9 27 40 20 13

9 6 15 3.0 27 33 27 13

9 j 7 13 2.2 53 20 20 7

9 8 15 1.1 87 13

9 9 15 4.7 20 13 27 40

9 10 15 3.7 7 27 53 13

9 II 15 6 .7 7 20 - 73

9 12 15 5.4 7 53 40

9 13 15 6.6 - 33 67

9 14 15 2.5 40 27 27 7

9 15 15 1.6 80 - 13 7

9 16~ 15 5.2 7 7 47 40 

~ 

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



~

RECORD ING SHEET Page Number ——

13:: 
[

CCL. ~ / cOT 1 2 4 8

10 1 15 
- 

5.7 7 20 13 60

10 2 15 2.0 53 20 27

10 3 j 15 4.3 20 - 20 27 33

- 
10 

- 
4 15 5 .3  13 47 40

10 ~ 15 4.0 13 33 27 27

10 6 15 3.7 13 33 3’3 20

:: 1 ; :: 
_____________ 

___________ ___________ 

“: 
___________

10 9 -15 
- 

4.8 40 - 20 40

1.0 10 15 5.6 13 40 47

10 13. 15 2.9 20 47 20 13

10 12 15 5.4 

1 

20 33 47

10 13 15 4.6 20 20 20 40

10 14 15 2.7 27 40 27 7

10 15 15 1.5 87 7 7

10 16 15 5.8 13 33 53

_ _ _ _ _



- — ---- - —_- ---- -------- ----- - --- ---- —

2— 1 1

RECORDING SHEET Page Number 1 
- 
_________-

R3~ CCL. : 
- 1- f 2 4 8

I 

j  

E 

-

~~~~~

- 

E ~~~~~~ _ _ -

~

11 4 I 20 33 27 20

11 15 1.8 60 33 7

11 6 15 1.4 60 40 -

1 1 1  7 15 2.5 27 60 13

______ 

: — :: - ___________ 

: — ‘
11 10 15 2.7 27 40 27 7

11 13. 
- 15 2.0 53 7

11 12 15 1.6 73 20 7

11 13 15 1.1 87 13

11 14 15 3.9 7 47 20 27

13. 15 15 2.2 60 13 20 7

13. 16 15 1.0 93 7



_ _ _ _ _ _ _ _  -
2— 12

RECORDIN G SHEET Page Number __________

13:: C0L.~~~~/ V0TI~:C J 1 J 2 
4 ]  

8

__  

- 

E _ :E : 

-

~

F 12 4 15 3.1 33 33 13 20

12 5 15 1.1 87 13

12 6 15 1.2 80 20

12 7 15 1.2 80 20

12 S - 15 1.1 87 13

12 9 15 1.0 100 -

12 10 15 1.6 60 27 13

12 11 15 1.5 
- 

67 20 13

12 12 15 1.1 87 13 -

12 13 15 1.0 100

12 14~ 15 2.5 47 27 13 13

12 15 15 1.7 67 - 27 7

12 16~ 15 1.0 100 

- - - -5-- —4



2—13

RECORD ING SHEET Page Number _________

10:: CCL . -I vott~:c l-E~~ 1 2 4 8
________________ - t ___________________________________ 

_____________________________ ______________________________ _____________________________ ___________________________

13 3. 15 4.4 20 27 13 40

13 [ 2 15 2.3 - 
47 27 20 7 J

13 3 j 15 1.0 100

13 4 j 15 1.0 100

13 5~~ 15 1.2 93 7

__

LI

_  

H
13 15 15 1.0 100

13 16 15 1.2 86 7 7

_ _ _ _  • -



RECORD ING SHEET Page 
~~~ 2-14

13:~~~ C0L .~~~-/ v:W:C 
_ _ _ _ _ _ _  

2. 2 
f 

4 8 
—

-

14 2 15 1.3 87- 13
-
~~~~~~~~~~i~ 

-
14 3 15 1.2 80 20

14 4 1  15 1.2

14 5~~ 15 1.0 100

14 6 15 1.0 100

14 7 15 1.2 93 7

14 8 15 1.0 100

:: ~—~~~~~- 

___________ 

::: - :: 
___________ 

: 
__________

12 15 1.0 100 
-

14 13 15 1.0 100

14 14 15 1.2 73 27 
- -

14 15 15 1.0 100

14 16 15 1.0 100



GROUP 3

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



-
- - 

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

-

~~~~~~~~ 

—-- —-------- ------ - - -
- - _

__

3—1

RECORD ING SHEET Page Number _________

13:: CCL . I V0TL~C 1 ~ 
1 J 2 4 8

1 17 5.5 18 35 47

1. 2 17 2.0 - 59 ( 23 12 6

3. 3 17 1 2.3 41 29 23 6

1 17 4.8 12 12 41 35

1 5 17 3.9 6 29 47 18

1 6 17 3.5 23 23 35 18

~~~~~~~~~~ .



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

RECORDING SHEET Page Number __________  

-

13:: CCL. -/ vorr~:c 1 2 4 
J 

8

-

~~~~~ H :: -~~ ::: 
_ __ _  

:: __I
2 3 17 - 3.6 18 29 35 18

2 4 17 3.6 12 35 35 18

2 S I !  17 3.6 6 23 65 6

— 
-

~~~ 
I 

~ 

~
L— 
:: :~: __________ 

I :: :: ~: ~
2 9 17 5.4 1 - 65

: ‘ :: :: - 

- 
1 1: ___________ :: 2:

2 12 17 2.4 23 41 35

2 13 16 3.5 25 6 56 11

2 14 17 3.8 6 35 41 18

2 15 17 2.3 35 41 18 6 

-- - - - -_— -  - -  
~~~~~~~~~~

- - - — --- ——— ~~~~~~~~~~~~



RECORDING SHEET Page Number —

H

13~~ CCL . VOT E~~:C 1 2 
- 

4 8
______ 

_ _  _ __ _

3. 17 3.4 23 29 29 18

______ 

: ~~

- : :~: 
6. 

- :: 
___________ 

-•

3 4 17 4.6 23 47 29 
-

3 5 17 
• 

5.8 12 35 53

~ 6 17 5.1 12 �3 
___________ 

I

3 7 17 4.6 12 65 23

-: ‘ : ~ ___________
I :~: 

— 

- :: ::
3 10 16 5.2 12 50 37

3 II 17 3.6 12 35 35 - 18

3 12 17 1.5 65 23 12

3 2.3 17 1.5 70 18 12

3 14 17 5.1 6 6 53 35

15 17 1.0 94 6 

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



- — - - - — —  -~
_
~~~~ 

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

~~
- I

3—4

RECORDING SHEET Page Number _________

13~ CCL . -/ vort~:c 1 2 4 8

4 - 1 17 5 . 2  12 47 41

4 2 17 5.4 - 
6 12 35 47

_ _  

:~ ::— ‘ :~: : ‘ :: — :: 
_ _ _ _

4 5 1  17 6.3 41 59

4 6 17 5.4 6 12 35 47

4 7 17 4.9 23 41. 35

4 8 17 4 .8 18 53 29

4 9 17 6.7 - 29 70

4 10 17 5 . 5  18 35 47 
-

4 11 17 6.5 12 18 70

4 12 17 4.0 12 23 
- 

41 23

4 13 17 3.7 - 18 29 29 23

4 14 16 5.7 56 44

4 15 16 4.0 - 37 44 19

I -

_ _ _ _  ~~~~~~~~---~~~~- _  



- -  3~5

RECORDI NG SHEET Page Number _________

R3~: CCL . -/ VOT1~:C ME.~.N 1 2 4 8

5 1 3.7 
- 

2.3 47 23 23 6’

5 1 2 17 4.3 - 6 29 35 29

Ii
16 - 2.8 19 37 37 6

5 4 17 I 1.9 I 29 59 12

5 5 17 j 2.8 18 41 35 6

5 6 17 2.3 23 47 29

5 7 1 17 2.6 23 41 29 6

5 8 17 2.7 12 
- 

47 41

5 9 17 2.5 41 23 
- 

29 6

5 [,
~ 

16 1.9 57 19 24

-

- _ E 
_ _ _ 

25 31

5 14 17 2.5 18 47 I “

5 15 17 1.0 100

_ II __c__
_ __ _

4



--  ---— -- -- - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r 3 -7 -
~

RECORDING SHEET Page Number -

- 

13~ CCL. -/ VOTI~:C 
- 

1 2 4 8 

-

7 3. 16 2 .3 44 31 19 6

7 2 If 16 3.1 19. 37 31

7 3 - 16 1 ~~~~~~~ 12 
- 31 44 U

_________________ ______________ ~! ____________________________ I 
____________________________________ ____________________________ _____________________________ _____________________________ ____________________________

7 4 ’ 16 2.9 12 44 37 6

7 s f J  i6 2.9 6 44 so

7 6 16 2.8 12 50 31 6

_____  

S 

_________

T

____________  

:: 
- 

_________  

:
~ 15 2 . 6  33 33 27 7

7 II - 16 3.5 12 25 50 12

7 12 16 2.1 50 19 31

7 13 16 1.2 - 75 25

7 14 16 2.9 12 44 
. 

37 6

7 15 16 1.1 81 19

_ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  ______ I _ I 
_ _ _ _ _ _  

--- - - ----- - 

_ _ •:_ _ _ _ _
~ ~~— - -~- - 5~~~~ - ----- - - -- - -



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

- ~~~~

-

~~~~~~~~~

--

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

RECORDING SHEET Page Number ________

1: : 

f 
CCL . / 

“::
‘
~ 

~• 
:2 33 42 12’ 

1

-

. 

--: H: -:: 
~ 

- -:: - I :: 1 
6 -

8 12 17 1.1 82 18 - - -

8 13 16 1.0 - 100

8 14 16 2.1 37 37 25

8 15 17 1.0 100 
-

_ _  _ _  
I 
_ _ _ _  _ _ _ _  — —  _ _ _ _  _ _ _ _  _ _ _ _

I 

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

~~~~
— - 



- - 3—9

RECORD ING SHEET P age  Nu m b eT  _________  

-

13~ CCL . / vot :~:c 
— 

1 2 4 8

9 15 
- 

1.9 27 60 13

: 
‘
: II :: - — — ___________ ___________ 

‘

15 1.9 27 59 13

9 5 14 2.8 14 36 50

9 6 15 
- 

2.3 27 40 33

9 7 !  15 3.1 
I 

~~~~ 40 ‘
~

9 8 14 1 
~~~~~ 

7 36 36 21

: —:~ :: 
_____________ 

‘

~~~ :: :: - ___________ 

13

9 11 3.5 1.7 
- 

47 40 13

9 12 15 1.5 60 33 7

9 13 15 1.2 
- 

80 20

9 14 15 2.9 33 27 27 
- 13

9 15 15 1.0 100

______ ________________  ____________ __________ __________ 

_

_i 

-

L. ~~~~



- - -  
_ _ _ _ _ _ _ _ _ _ _  ____ 3-10 ~

RECORD ING SHEET Page Number —

13:: CCL . -) vo-r r~:c 

~~~ J 
2 4 

— 

8

10 J 1 17 3.6 6 47 29 18’

10 2 17 1.8 47. 35 18 -
a

10 3 17 4.1 12 76 12

10 4 17 4.1 18 70 12

10 5 17 4 .2  23 59 18

10 6 17 4.6 6 18 47 29

10 7 17 5.5 6 53 41

10 8 17 4 . 0  12 35 23 29

10 9 17 3 . 4  53 - 
35 12

10 10 17 3.1 6 35 59

10 11 17 2.7 6 65 23 
- 

6

10 12 17 1.7 53 35 12

10 13 17 1.2 
- 

76 23

10 14 17 3 . 6  6 35 47 11

10 15 17 1.0 94 6

_ _  
I 

_ _ _  _ _ _  
- 

_ _ __ _ _

. •.. - _ _



— _ - - - ---- ---------- - -- -—-- ---- - _ -  — - -

3—11

RECORD ING SHEET Page Uumb~ r _________

13~ CCL . I voT t~:c MEAN 2. 2 4 8
_________ ft ____________________ ________________ _________________ ________________ ________________

11 1. 14 3.8 50 28 21

1]. 2 15 2 . 6  - 33 40 13 13

~~~1! —____  _ _ _ _ _  _ _ _ _ _  - _ _ _ _ _

II -
1]. 3 14 3.2 14 28 36 14

12. 4 15 2.0 47 27 27

: -: : :~: _ _  

27 
_ _  

::
11 - 7 15 3.5 20 20 47 13

11 8

12. 9 15 4.2 20 13 - 40 27

15 1.3 . 80 

33 47

_

2 0 L

ii 14 1.2 78 22

_________ — - -



3~~I’2 ~~~

RECORD ING SHEET Page Number —

R3~ CCL . ML\N 1 
J 

2 
j 

4 8

12 3. 15 3 .7 7 27 53 13-

______ 

: ~ ___________ 

l_ 

___________ ___________ ___________ 
r __________ 

I

12 4 14 2.1 21 57 21

12 5 15 
I 

2.6 27 27 47

12 6 15 2 .C 40 40 20 - -T

12 

_____ 

14 2J 
___________ 

- I

___________ __________ 

I

12 10 14 I 2.5 14 50 1 36 J
- 

______ 
L.j~I~ ___________ 

I. :~: 
I 

36 
___________ 

1 :: 21 

-

12 13 14 
- 

2.6 
- 

7 57 36

12 14 15 2.1 13 73 13

12 15 14 1.7 43 50 7

-A 

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

~~~~~~~~~~~~ 
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- 
Participants in Panel Discussicn of 24 Janua ry 1973

Topic : Naval Aviation M~thten~nce (tquipTncnt)

RAEM C.T , Faulders - NAVAIR-04

‘ R.W-f W. P .  La~,..-rence ~3P-0SB

CAPT 3. Zacharia.s 1~DP-0S

CAPT C.R. Cooper - NAVAIR-03
L~DR L. A m y  - OP-96
3~ Poppert NA.VAIR-340

R. Rassa Westinghouse Electric
Corporation

Dr. P, Waterman Special Assistant (Energy) to
- 

- 

. Assistant Secretary of the
— , - 

- 

Navy (R~D)
- 

N. ?4~11er George Washington University

R. Rowe Hughes Aircraft Company

C..) . Bitter Vought Corporation

N. Sinn inger - General Electric Com pany

G. Neumann 
- 

NA\~~T-04T

3. Dolan Pratt and ~thitney

T, Ball Lockheed Aircraft

P. Seidenberg NALC - 
-

3. Southerland - McDonnell Douglas Ccrporaticm

J Brown NALC

C.C. McClelland ~tAVAIR-411

-

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



- 

-

Participants in Panel Discussion of 25 January 1978

Topic: Naval Aviation Maintenance (Personnel)

RADM J. H. Alvis NAVAIR-09

LCDR E. H. Savage NOP—592

CAPT C. R~ Cooper NAVAIR-03 -

CAPT V. Lemmon NASC
-c

CAPT R . B . Kir.g BUPERS—21

CAPT L. Hamilton NAL C

3. Wagner NALC-203

CDR W T. Jordan BUPERS-446 8

CDR P~ B,. Chatelier NAVAIR-340F

V. Amico NAVTRNEQPCTR

Dr. L. Miller Honeywell System and Research Cen~ ar

E. Napier - Military Operat ion Research
Corporation (GW L’niv.)

T. Bianca Navy Personnel R&D Center

C. Chernowitz American Power Je~

M. Den icoff ONR

0. Kangas NALC—423

T. Mastic - NAVAIR-411

E. Poor NAVAIR-4 13

1 ’

~
- — - - -~~~~

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

_ 
-

~~
--- - --—

~~
- -- ------- -
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_ _ _ _ _ _ _ _ _ _ _ _ _

Participants in Panel Discussion of 26 January 1978

Topic: Naval Aviat ion Procurement Management

RADM D. fl . McCormick - 
NOP-Si

CAPT B . L. Geronime NAVAIR—OS

CAPT C. B. Cooper NAVAIR—03 -

CAPT B. Rush NAVAIR-41l

CDR B. B. Dietetic - NAVMAT—08T246

E. Pyatt Principal Deputy Assistant
Secretary of the Navy for

- Logistics

3. Sylvester NAVAIR—4105

0, Markowitz ASO

R. Aguais 
- 

Genera]. Dynamic

G. l4cLarnon Litton Industries

P. Graf ton Boeing Aircraft

3. ~ou1ditch Texas Instruments

D. Wieland George Washington University

B. Nosca Grumman Aerospace

R. Boyce NALC 

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

_________________________ — . - , - _ . - -  —-— — -
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VOLtJNE 2

LIST OF ACRONYMS
(Used either in this report or in referenced material)

I  

_ _ _  ~~- - - -- _ _ _ _ _ _ _



AAA Anti—aircraf t  artillery

AALC Amphibious Assault Land ing Craft

AAW Anti—air warfare

AEM Anti—bal l i s t ic  missile

Air combat maneuvering range

ADM Atomic demolition munitions (manually emplaced)

AEGIS Integrated , computer—controlled air defense system
comprising radar network , missiles and missile
launchers

AEW Airborne Early Warning

AFAP Artillery fired atomic projectiles

Attack helicopter and armed observation

AL~~ Air—launched cruise missile

APN Aircraft  Procurement Navy

ARM Anti—radiation missile

ASALM Advanced Strategic Mr—l aunched ~fis si2. e

ASM Air—to—surface missile

AS~W Axit i—~ h~ p missile defense

ASO Aviation Sup~ ly Of fice

ASW Anti—submarine warfare

ATE Automated rest Equipment

ATIGS Advanced Tactical Inertial Guidance System

AVF AU. Volunteer Force

AWACS Airborne Warning and Control System

A~MS Airborne Weapon Management System

3CM Beyond capability of maintenance

3131 3uilt—i~ blade inspection (on Sikorsky helicopter)

31T Built-±n test 

- -



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

~~~~~~
- ---

311E Built—in test equipmen t

BMC Beyond maintenance capability

CAP Combat Air Patrol

CBO Congressional Budget O f f i c e

CBU Cluster bomb unit

CER Complete engine removal

CILOP Conversion in lieu of procurement - -c

CNO Chief of Naval Operations

COD Carrier on—board delivery

CRAW Combat Replacement Air Wings

CS & M Central Supply and Maintenance

CTOL Conventional Take of f  and Land ing

DECM Defensive Electronic Countermeasures

DLA Defense Logistics Agency

DOE Department of Energy

DOD Department of Defense

DSA Defense Supply Agency

DSARC Defense System AcquisItion Review CouncIl

DTC Design to Cost

ECCM Electronic Counter—countermeasures

EC~i Electronic countermeasures

ECP Eng ineering change proposal

ECR Engine component repair

ELINT Electronic Intelligence

~ tCON Emission control

B? Earth penetrator —— a device :ha: mechanically burIes
a nuclear warhead In the ground 5efore detonation

ESL Extended service lIfe

Zlac ::or.i~ Support ~easures ~extension o~ :~e f3rm er Bc-I)

L .  _



FBS Forward— based systems

FLIR For-ward—looking Infrared

FOBS Fractional orbit a l  ~a llist ic  system

GCI Ground Controlled i~~ercept

GERAEPS Global Extended Range Automated Environmental Prediction System

CPA General Personnel Activity

GPS Geographical Position System/ Satellites

GSE Ground Support Equipment

ICAPS Integrated Carrier Acoustics Prediction System

ICBM Intercontinental ballistic missile (delivers nuclear
weapons 3000 nautical miles)

1FF Identification Friend/Foe

IMA Intermediate Maintenance Activity

INS Inertial navigation system

b C  Initial operational capability

£RBM Intermediate range b aZlIs t i~ mIssile (delivers nuclear
weapons 1300—3000 nautical miles)

IREPS Integrated Refractive Effects ?redicrion System

JTIDS Joint Tactical Information DistrIbution System

LAMPS Light Airborne MultI—purpose System

LCC Life Cycle Cast

I~~A Land—based MultI—purpose Naval Aircraf t

LOR Long—range Operating RequIrement

LORAN Long Range Navigation

LRU Line rep laceable unit

LTA Lighter than Air

MAAS Mult iple Array Avionics System

MAC Military AIrlift Command

MAW Marine Aircraf t  wings

Mutual and 3alanced Force Reduction :a~~s
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~DCS Maintenance Data Collection System

>~ TRIC MultI—echelon Technique for Recoveralble Item Control

Mean Flight Hours Between Failure

~ICRAD Microwave radiometer

MIRV Multiple Independently Targetable Reentry Vehicles

Medium range ballistic missile (delivers nuclear weapons
600—1500 nautical miles) 

- -

XRV Multiple reentry vehicle (not independent)

MTBF Mean Time Be tween Failures

NALCOMI S Naval Logistics Command Management Information System

NALDA Naval Aviation Logistics Data Analysis System

NARF Naval Air Rework Facil ’-ty

NAS Naval Air Station

NASE Non—acoustic Surface Effects

NATO North Atlantic Treaty Organization

NAVAIR Naval Air Systems Co and

NAVt~ESA Naval Weapons Engineering Support Activity

NCA Nationa l Command Authority (U. S. national decision—
makers responsible for use of nuclear forces)

NI~~ S Naval Integrated Flight Training system

NO? Nuclear operations plan

NOBM Not operationally ready — maintenance

NORS Not operationally ready —— supply

NTDS Naval Tactical Data System

O~~ Office of Management and Budget

Opera tional Read iness

OSD OffIce of the Secretary of Defense

0TH Over the horizon

PAL 
- 

Per-missive action ink. Coded device attached to
nuclear weapons deployed abroad to impede Un-
authorIzed arming or f i r ing
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PALR Prediction of Aviation Logistics Requirements

PGM Precision—guid ed munition. A bomb or missile capable of
being guided during terminal phase of its trajectory

PGO Precision—guided ordnance

PGSE Peculiar Ground Support Equipment

Patrol hydrofoil missile ship

PS? Priority strike program (nuclear targets)

QMA Qualified for Military Activity

QRA Quick reaction alert. Specified numbers of aircraft
and Pershing missiles are readied to deliver designated
nuclear strikes at very short notice

RADAG Radar Area Correlator Guidance

R&R Remove and replace

RDT & E Research Development Test and Evaluation

RIB Ready for Issue (i.e. good parts)

RIP Request for Proposal

RIP Recove rable Item Program or

Reduction ImplementatIon Plan or

Reliability Improvement Plan

RIW Reliabi .Ity Improvement Warranty

REV Remotely piloted vehicle

S~M Surface to air missile

SAR Search and Rescue

SCS Sea—control ship

SES Surface effect ship

SINS Ships Inertial Navigation System - -

SlOP Single Integrated Operational Plan (for coordinated
delivery of nuclear strikes by strategic nuclear forces)

SL Service life

SLAT Sur face  launched , air ta rget ed

3L3M Submarine launched ballistic nissI~.e

k
-
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SLEP Service Life  Extension Program

SLOC Sea lines of communication

SMAC Scene—matching Area Correlator

SOSUS Sound and Surveillance System

SPCC Ships Parts Control Center

SREt Specialized repair activity or

Shop—replaceable assembly

SR.AM Short—range at tack missile

SSN Surface to sur fa ce missile

SWATH Small Water—plant Area Twin Hull craft

TACAN Tactical Air Navigation System

TAT Turnaround time

TERCOM Terra in referenc e system

TOA Total Obligational Aut hority

TPS Test Program Set

TSP Tactical Strike Program — Plan for nuclear strikes
against other than priority targets

t.TNREP Underway replenishment

UPT Undergraduate Pilot Training

tJRG Underway Replenishment Group

IJTTAS Utility tactical transport aircraft system

VAST Versatile Avionics Ship Test

VhF Vectoring In Forward Flight

VOD Vertical Onboard Delivery

V/STOL Vertical/short take—off and landing aircraft

VRA Weapons Replacement

3—M System Maintenance and Material Management System

~ 
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