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ABSTRACT

The PHM project began as a major NATO acquisition pro-

gram consisting of 60 or more ships for International

purchase. Today the program consnsts of just six ships for

the United States alone. This thesis reviews ,the history of
the program, the design considerations and the current prob-

lems experienced by the program manager. An analysis of

the rationale behind the decisions which led to the reduc-

tion In scope of the program suggests that factors Inherent

.to the current systems acquisition process caused the cut

back in,the program and that these were Independent of the

program manager's efforts. The results of the analysis

suggest that, these factors have the potential to affect the

outcome of any acquisition program, no matter how well the

hardware performs.
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I. INTRODUCTION

A. BACKGROUND

The U. S. Navy's Patrol Hydrofoil Missile (PHM) ship is

a defense application of a relatively new hydrodynamic con-

cept. Previous hydrofoil ships using fixed foils which

conform to the water's surface like water skiis have great

speed, but their use is restricted to calm seas. This

limitation makes them unacceptable for use by the U. S.

Navy.

The latest version of hydrofoil ships utilizes forward

and aft submerged foils which in a sense "fly" through the

water under the surface much like airfoils through the air.

The moveable trailing edges of these foils are continuously

adjusted by an automatic control system fed by signals

from acoustic wave height sensors. As the foils adjust to

the wave size, the result is a stable ride in almost any

sea state. The forward foil system, in addition, includes

a fully swivelled strut that provides directional control

and allows the ship to bank into turns giving the ship a

high degree of maneuverability. The foils and struts, both

fore and aft, are retractible to permit hullborne operation

with reduced draft restrictions and to facilitate access

for inspection and maintenance.

Use of this advanced hydrofoil technology in the PFHI

program has resulted in a warship capable of speeds in

.!7
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excess of 40 knots in virtually any sea state. 1 urther-

more, it is designed to NATO standards and can be easily

adapted for individual use by any NATC nAtion or coope;*a-

tive multi-national use in a NATO Task Group.

Considering the fact that the ship does everything it

ias designed to do and that its potential contribution to

naval seapower is extraordinary, one is lead to believe

that ,a program to build a fleet of such ships might be a

worthwhile undertaking. In fact, the IFF1 was a major pro-
Ject at one time with planned production of at least 60

ships for multi-national purchase. Today, the FI program

consists of just six United States Navy ships (one opera-

tional prototype and five currently under construction).

;ow such a promising and exciting program could undergo

such an extreme reversal is intriguing and warrants

investigation.

B. PURPOSE

This thesis reviews the chronology of the FPH and analyzes

some of the major historical events in an attempt to 'Us-

cover the reasons for such a reduction In scope of the rro-

gram. The analysis suggests that factors in the- systems

acquisition process exter' &l to the program manager's span

of control were responsible for the out-back.

C. SCOPE

Data and information were ;btained through research of

published literature, PUM logistic plans, Congressional

T7,1I I I I I I I i i- - ~ \ ~-~t~



testimony, interviews with personnel involved and a one-

month experience tour at the PHM project office in

Washington, D. C.

In a non-technical approach, the chronology describes

all the major events to date in the program including the

considerations which contributed to the final design. Cur-

rent acquisition policy, procedures and environmental fac-

tors evident in the PE4 program will be analyzed in ter-as

of their potential to affect any weapons acquisition pro-

gram independent of the program manager's executive ability.

II. CIMONOLOGY OF THE PHM PROGRAM

A. EARLY CONCEPTS

In mid-1969, NATO Commanders expressed the need for

ships to combat the threat posed by Soviet surface combat-

ants in the coastal and narrow seas environments of North-

ern Europe and the Mediterranean Sea. Later that year, a

sub-group of eleven NATO nations from a NATO Information

exchange group met to discuss the requirement. In early

1970, NATO Exploratory Group Tb. was established to study

the concept of a common fast patrol craft.

Each nation recognized the potential benefits of a co-

operative program. Not only was this an opportunity to

upgrade their defense capabilities at relatively low cost,

but also, a single ship class for use by all NATO allies

would enhance the capability of a NATO Task Force from both

operational and logistics points o" view. The United States

9



hoped for the additional benefit of being able to reduce

its NATO commitment to the European ar-a as those coun-

tries imrnroved their own naval carabilities.

Prior to the establishment of Exploratory Group Two,

the United States had designed, built and tested four

hydrofoil ships: HIGEYOCINT (FCH-1), 120 tons, delivered in

1963; FLAGSTAFF (PGH-1) and TUCUYCARI (PGH-2), 60-70 tons,

in 1968; and PLAA.MIZ;i (AGEH-I), 310 tons In 1969. As of

November 1972 these craft had accunulated more than 2700

hours of foilborne operations Ll. This experierce made it

clear that :roven technology existed 'in the Uni..d States,

and that submerged hydrofoil Platforms -would be a feasible

IoK-risk venture 23"..

The United States, therefore, prorosed a 40-ton sub-

merged foil craft as the most suitable means of meeting the

Y.A'TC mission requirement because of its speed and maneu'-er-

ability' in high sea states. Exploratory Grout Two concur-

red with this proposal, as did the 1'-ATC naval Armaments

Group who subsequently approved the establishment of r

ject Grout Six to conduct the -'"anr1 stages of the pro-

gram and the initial determination of the sh4I;"is character-

!.stics. The. United States logically assu-ed. cha'-mansh'i of

Project Group Six and sponsorship of the rrogram.

Through June 1971, the United States conducted further

hydrofoil baseline desi;n studies and. c-t estimates. These

design data provided for the operaticnal performance agreed

upon by Ex-loratory Grout Two and. ircor!.orated rreviously

10
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- '-.--~ ~-All-~.~

exlrressed national reqairements. At a Junie 1971 meeting

the United S3tates agreed to produce two Plva' lead ships if a

design satisfactory to at least one other IiATC natiorn could.

be hchieveC. At that. meeting it was also ±,utually azreec'

'that active participants of subsequent meetings would be

limited to those r~ations who had. formally declared their

irtent to proceed' with, the coo.-erative hydrofcil Project

and", s-U'z~ect to an ag-reed E:erora'ndu= of TUnders snelng-, to

'ormally enter the zrga sa e-~& ~~radcz

mit resources ther'eto. Letters of Intent .,Tere eient*.al'_,r

sig:ned In early 1972 by. the :3o'ern~ent of 7-al' n h

Federal Re-ubllc of Ger-ary.

In O ct'o ber 19741 thýe Uited S3tates announced! 's I.nten-

tor 3 to awar9. the lead shir e es.',n ane. rrodeuctio- con-

tract to the Boeir.z Cc~mran.-;!, b-u~lleer of th e ~

( 1i~) and*Uc~cA, (Fs:H-2), and th*at th e inita- effort

under- the contract would 'be festiit esizn studles.

T'he obiecti-ie of th'ese st*udies was to obtain clear a;-r-ee-

ment on a s~,,ecific- com~on shl-c eesizgn whicli woculd, satisfy

,all en,ýaxed natiors' requ-rements. F-arther, ceue to the

oad-,ance In. croxram sc*-edule\-.; t.hout 'havlr.z yet ottalnpd. a

satlsfactor~y Femorare=u of Undeostardinx, the United

States Indicated it -. oruld, -roceed at its ow- ex'oense w:ith

the .LATO design, share the results of these studies Wbt'h

all engaged nations, -with costs to be reinbursed only ty

"those erzazed nations who later sl~n~ee the EKemorandur of

Ydrstanding, and to conduct all asT.ectý; rf the desizn



developm1ent, contract definitization and -management in co-

operation with the engaged nations.

The letter contract was awarded to -Boeing in November

1971. Feasibility des~gr was completed in ',-arch 1972, anc5

a iTemorar~dum of Understaniing was signed aptroxit-ately six

=onths later by the Goverrment of : taly ane the Federal

ieipublic of Germany. Because of iuiwillingress to coolt

funds all other nations either- drc-z~ed from the crezra= cr

reverted co 6bserver status wit'r, the ontion of re.'otninz

the tro,~ect. at a.-y ti~e rursuant to atzro"7?1 by t*.e- Orixi-

ral three Cc-ýnItted natiors.

1.:ATc - CrF~an~zaticr

U-or. slzning the '*ýemcrs~re-= of Tdersta. ng, a

zer-.anent Steering- Committee co--rcsed of ser!3or re~nreserta-

ti-es o-f each rartIc'Irat ing natlor -i-as fcrmee. Za~ch me~ter

weas rescorsible for the necessary ccorý!inat--n thar-

Priat-e authorl-t.1es of *,s c,..r country. Char.;es 4

t echrinral atzrcac-, cost or c.eZe hi wou-,d havze -a2or

iznact requi.red -irna-1-ous c0=1ttee :-cnsent.,

The :'e~ora;.-du1. of Urderstarndinz crovi-ied -fcr t-e

Irlt-al chairnan of the Steeriri Cco=Ittee to bte "he Un 1t ,-

States =ember. In addition. tl-e Yer-orane.'.z cf Ur-' erstand-

4rig 1.r o vI ed foz a NATC Pro~t-ct Cffice tc serve as the

pexecutive staff of the Steerinrg Ccmminttee to cerform the

complex managemenit functibrs associated with shIP desk gn,

constructicn and logistics programs. The UnitCed States was
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designated to ;rovide the P.roject Manager. (See Table

I for Project Crganization Chart.)

2. Costs

in achieving the objectives of this cooperative

effort, the particizating nations shared design and non-

recurring prototype construction costs. These c.o~ts i

cluded. the cost of developing' the standard ship design

(to be discusseod laýer), des-4n vall.aticr an" oT.erat_-n

of the administrative zroJect staffs. _'he i:emorandurn of

UT-derstanding specified exact dollar comzitments for

each country tut dir! not Include a cost escalatAlon clause.

Iroductior cost savings were excected to te real-

ized by the mass rroduction ofý all shizs at a single -lant.

Cost beneflts were expected to accrue from assembly l.lne

ýroduction in great quantitles, and nrocortlonate sha:ri

of fixed production costs would lower the unit cost ier

shin for each country 12J.

Z cc, . -aSI~A7Cý:S

A ship is desixned to cerfor= a =Ission. na1ai1.t..

to acco6Plish a mission depends not on.y on the z er.tion-

al capability of the hardware, but also on the ability to

logistically sutport It. Therefore, a shin lesign i.s te-

ere, result of an iteratlive rrocess which attemrts to .t-

=4ze mission capability by Making tr_.de-offs betwzeen

ocerational and logistics cayabilities. ;*hat follcws is

14



some of the operational and logistics surport considera-

tions which produced the final P design.

1. CDerational, Considerations

The mission scenario required the F.'.. to be capa-

ble of operating offensively, either Inrependently or in

company with '-Ys from the sane or different sour.tries,

against enemy surface combatants in coastal and narrow

seas environments. It had to be ca.able of rerforinr.

this mission during patrols of .;: to five days. A .Inlmum

of two dayrs upkee. would be necessary between o.era:lona.

a. Stan.ard Ship :esizn

It was recognized d the early stazes of

the shi- acCu1st:ion zrocess that a sIngle version of t.he

-for use by all nations was not likely. Zowerer, to

assure the effectiveness of theIr operation together wth-

in a :-ATC :ask Force, It was 'esirabe that the Indl*r*ual

natioral :-'-:Hs have smiilar bas!-- tharacteristics. -o

achieve thls cb.ective, a standrd sh.-.. :.as .es.g.ed

for multi-national use yet retained sufficlenr. ftes--

flexibzlity to allow for the -'..--• ual variatiors of any

country ;articularly in the area of combat systems equir-

ment. The standard -EHX has sharacteristics as Indicated

,In Table 2 .1J.

The hull fcrm, size .and the major structur~al

bulkheads and decks, foils and struts, water ets, . . ,

15



TABLE: 2

STX.*IVA'%i) PFM ~AATL..TC

Lang&h 40. OM

Seam 8.6m

Dlraft

Hu1lboryie 1.SM

Foilborne 2. *7

Displacement, 235 Metric Tons

HufLbre U KQnots

Foilborn• In excess of uO Knots

propul~ion

Huborn 2 Diesels

Foilbolrte 1 Gas Turtiine Engine

Toilbore Range 500 Nautical Miles

J1



controls and main propulsion machir.ery are -art of the

standard P:2-, design. Additionally, the auxiliary equip-

ment and arrangements, deckhouse and personnel accommo-

dations are standard.

,Dueto weight restrictions and other consider-
ations unique to h,4rofoil orerations,,the •-E: has a

large percentage of equipments and systems which are not

used on traditional combatants. These systems/equipnments

are listed in Table 3.

b. United States Variant of the 1H7"

Unlike the FHA s used by other *ATC nations

which would orerate from a single home rort, the U. S.

~riant had. t.o be able to perform Its mission any•wh•• in

the world. in order to pro7ide for global =obility, early

lo~istics plsanners envisioned a hydrofoil support shir

(AGHES) to accompany the six-ship PsH.: squadron to tro;Tide

logistics support.

'.e primary weapons suite of the 'U. S.

variant includes:

I ,l( 75 7617 GUt::
.-':LARqcoNl MISSILE C•c:,..:F -u7C:-2.-

1 ,Y. 92 MOD 1 GFCS
2 1-4 34 CaAFF LAU;Ci.S

c. Country Variations of the =-.K

The MY 75 Cto Melara 7ý m= ,irn satisfies the

mission requirements of all rational participarts. There

is space aboard to equip a standard i," with additional

.:X20 Rh 20=m anti-aIrcraft suns If destred. Standard ship

i1



TABL 3

PItS UINIQuE 3YSES1S/EQUIm,

A. MB 8V331TC80 Diesel Engines (Mercedes Benz)

B. Waterjet Propulsors (Aerojet -eneral)

C. Gas Turbine Ship's Service Power, Unit (Airesearch)

D. AN/SLR-20 ESM Receiver (Litton Afrecon)

E. Gym PL-41E (LIT=F)

F. Hig Pressure (3000 PSI) Hydraulic Systens (Boeing)

G. Submerged Strut and Foil System (Boeing)

H. Foilborne Automated Ship Control System (Boeing)

I. AN/SPS-63 True Motion 'Navigation Radar (SMA)



design flexibility permits. the installation." of various

types of missile systems in place of the Harpoon system

such as the Italian Otomat or the French Exocet. Fire

control system alternatives include the German dE-28 and

the Italian Argo System L23.

2. Balance of Payments Considerations

Since the Fll was originally a joint NATO venture

it had a requirement for balance of payments equaliza-

tion (offset) between all participants [2J. Each nation

was thus assured that within reasonable limits, the value

of components, materials and services it purchased from

other ;articipating nations would be offset by the com-

bined rurchases made by other nations from itself. The

key objective of the cooperative effort was the effective

utilization of the military, industrial, scientific and.

technical resources of the :artizIpstirng nations in terms

of both. men and materials, in the interests of mutual

defense.

As a result of the foregoing, much of the r.

equipment is of foreign design or manufacture (e.g., the

fire control system (Dutch), the 76mm gun and navigational

radar (Italian), the gyro compass, air conditioning and

diesel hullborne engines (German)). Furthermore, the

FH ,, was designed and constructed using the metric system

- as the basic system of measurement to facilitate the

interface of foreign equipments.

h 19



3. Manning. Maintenance and Training Concerts

A manning concept Is a combination of the opera-

tional concept and the maintenance concept. It

incorporates the quantities and skill levels of personnel

required to operate and maintain a ship in its projected

operatioril environment. Normally, U. S. Navy ships carry

a crew large enough to perform all organizational level

maintenance and operate the ship as well. The ship's

manning document attempts to optimize the mix of operation-

al and maintenance personnel.

The manning concept for the PuI differs from the

standard Vavy surface unit manning concept. To achieve

the foilborne capability of the P4, which is its primary

operational asset, trade-offs were required in the size and

weight of the vessel. Living space had to be sacrificed

for engineering, performance and weapons delivery capa-

bility. Essentially the same traditional tasks must be

accomplished aboard =!D:, but they must be performed by

less personnel.

To accomplish the reduced manning objective,

functions previously requiring more than one watch sta-

tion were combined into single watch stations. This was

made possible by the development of automated equip.ent

with built-In redundancy. Examples are the Helm and

Engineering Cperations watch stations.

The maintenance concept was also ncn-traditlonal.

The complexity and numbers of the systems and equipments



of the ship required more maintenance personnel than the

ship had the capability to support at sea. Furthermore,

crew movement was restricted on weather decks during

foilborne operations for reasons of crew safety, and, as

a consequence, preventive maintenance could not be accom-

plished when foilborne. These conditions And the reduced

operational manning concept motivated the establishment

of the Mobile Logistic Support Group (MLSG) concept.

The MLSG concept parallels the support concept

used by the aviation community in that the weapons system

is primarily manned by operators and most maintenance is

to be performed during the brief time when the system is

not operational. The use of this maintenance concept

requires special consideration during design. For

example, levels of reliability and maintainability are

neededwhich minimize the need for preventive and correc-

tive maintenance actions underway. Additionally, the ship

was designed with significant built-In test equipment to

facilitate fault detection, isolation and repair. ,his

equipment, in conjunction with the standard hand tools

carried aboard, could be used to effect repairs while

underway. Cnboard spares are limited in range and depth

and mostly include only fuses, light bulbs and critical

modules [3"

4 The shin was logistically designed to operate at

sea for short periods of time up to five days maximum.

21



During this time period, some limited daily ;reventive

maintenance would have to be performed and emergency cor-

rective maintenance may be required. All other maintenance

is deferred to the MLSG. It was decided early in the

conceptual phase that the operators of the ship must be

skilled enough to perform these underway maintenance tasks.

The manning concept then became one of utilizing few

numbers of highly skilled individuals for the P17 who

could operate the equipment and maintain it if necessary.

Knowledge regarding required personnel quantities

and skill levels was gained through the fleet use of :re-

vious hydrofoil craft built for the U. S. Navy. This

experience, combined with the expected weapons configurr-

tion of the PFUM, made it possible to estimate the berthing

%nd living requirements for the ship. Once the to-tal

number of personnel was knon the ship was designed around

that quantity.

The final ship's design limited crew size to five

officers and nineteen enlisted men. Appendix -A lists the

manpower requirements and gives the procedure used to de-

termine them. Appendix A's inclusion Is intended to

exemplify the degree of detail that entered the logistics

and design planning phases. it also establishes the

need for filling operational billets with qualified crew

4 members.

Training of the Pl-21 crew was another considers-

tion that entered the design trade-off process. The

22
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reduced operational and maintenance manning concepts and

the sophistication and uniqueness of the hardware systems

created an extraordinary training requirement for the crew

members. Furthermore, this training had to be received.

prior to reporting for duty aboard ship since the lack of

extra berthing space would limit the opportunity for on-the-

job training while underway. The problems of training such

crews will be discussed in a later chapter.

Although the built-in test equipment would reduce

the maintenance training requirements to some extent, the

crew would still have to be trained to eorrect any critical

equipment breakdown that might occur during the five-day

mission. These training requ!rements were forecasted and

;lanned for in the 2Navy Training Plan (NTP) rlJ f6r PiHY.

Appendix B discusses the training concept in more. detail.

C. PROTCTYPE PRODUCTION A1,D 7j7AATIJ

The optimistic results of the feasibility studies ter-

formed by Boeing and IJATO Project Group Six and the earlier

U. S. Navy Hydrofoil supporting technology are rported by

Zuff D5•. A favorable DSARC 1I decision resulte! and the

Navy awarded the U. S. lead ship design and const:uction

contract to Boeing in February 1973. Construction cornmenced

in April 197.. The shim, USS PEGASUS (FI-E!-l), was launched

in 'ovember 1974, six weeks behind schedule.

The launching was followed by an extensive test and

evaluation of the platform and combat systems culminated
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by a one-month independent Operational Evaluation (OPEVAL)

by Commander, Operational Test and Evaluation Force

(COMOPTEVFOR) in May 1976. Complete results of this test

program are reported by Duff, Schmidt and Terry

An eight-month major overhaul commenced in September

1976 tc correct OFEVAL deficiencies. According to

Shrader aid Duf f El the overhaul period was used "to

strengthen the foils and struts in areas where cracking

has occurred, and the main propulsor gearbox was refur-

bished with stiffer Pinion shafting, higher quality gears

and improved load carrying gear configuration. Also,

the aluminum propulsor inlet duct was modified slightly

to extend life, and a number of combat systems improve-

ments were incorporated, including a combined radar video

and navigation chart display (TANCAV) for both the Combat

Information Center and the Pilot Eouse and an Improved

seating and weapons control capability for the Tactical

Action Officer (TAO) station".

These and other minor deficiencies were corrected

by April 1977 and Navy Acceptance Trials (AT) were con-

ducted in June 1977 by the Board of Inspection and Sur7ey

(INSLIV). The president of the ISLURV Board- cited' FEGASUS

as having one of the finest trials "in the memory of the

Board" 1JJ. PEGASUS was delivered to the Navy in June

and commissioned in July 1977.
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D. PRODUCTION DECISIONS

Understanding the historical account of the PiM0 acqui-

sition program process is facilitated by examining Table 4,

courtesy of Shrader and Duff . Briefly, FY 1975 and FY

'1976 funds were appropriated for five production ships and

a fixed price incentive production contract was awarded to

Boeing in October 1977. Production is underway at this time,

but a flurry of political activity between 1974 and commence-

ment of production, at times, made the fate of the F.-"A tun-

certain. The following sub-paragraphs itemize some of the

decisions. The rationale for these decisions wi''ll be di1s-

cussed In more detail in the "AnLalysis" charter which

follows.

1. Productiori Azcroved for Five P.N's

197"4 was a turbulent year for the ??-R, pro-gran. ::avy

in-house bickering over wearons suites, technoloica ' ffi-

culties expcerienced by the Boeing Company eurirng constructicn

of the prototyre and schedule delays caused a significant

upward' trend In the estimated cost per ship. A -EH'.K Froect

Cffice spokesman stated that cost escalation caused the Con-

gress in 1974 to approve funds for oni-7 five of the trorosed

28 -roducticn shi.ps. Only strorg DOD and ":avy appeal action

saved the program from being deleted altogether. In ad-

j dition, the Government of italy decided to withdraw from the

program and to pursue construction of smaller less e=enslve

hydrofoils I..de.ene.ent of the 'NATO effort.
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2. Request for Pro-ccsal

In June of 1976, the "Request for Proposal" was

issued and the Boeing proposal was received in October

1976. The successful Acceptance Trials of the =EGASX.S and

enthusiastic co~ments from fleet operational commanders

who had observed its use caused a favorable DSARC i:1

decision by the end of 1976 despite Issues ralsed by DC•

systems analysts to the effect that the ship was not

sufficiertly cost effective to justify its procurement.

In January 1977 the :eputy Secretary of Lefense advised

the Secretary of the Navy (SECIA;) that :rcduction of X,.,s

could proceed.

3. Recision Pro!osal

'When the Administration changed on 20 January

1977, defense trtorlties were reevaluated in ntici-t ionn

of a balanced federal budget by ll. Based on its own

studies and the ex--ectation of budget cuts, the :Navy now

felt that the Z!UY was not sufficiently cost effectivewhen

compare4 to other spending priorities :j" The rationa e

behind this 'change will be discussed in the "Analysis"

charter. The :Navy withdrew the 3J411 zlanne-i for con-

version of a mothballed .ST into a hydrofoil support

ship from the F'Y 978 budget and, instead, requested funds

f to deactivate the two oreraticnal platform's, the •CE-I

4 and AGE.-I-, for hydrofoil research and deveopment.'
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Defense Secretary Brown announced by memorandum in

April that the United'States was planning to terminate

the -o¶¶ program. Since Boeing had not •et beguin produc-

tion on the five remaining FPH'Is, President Carter submitted,

a proposal to rescind the FY 75 and FY 76 funds which had

been appropriated for that purpose. (Passage of a re-

cision bill requires favorable action by both Houses of

Congress within 45 days of submittal.)L•J.

Testimony was heard by the Defense Subcommittee

of the House Appropriations Committee in July 1977 an-1,

despite unanimous DOD support in favor of recision,

Congress favored %he program's continuation and the re-

cision bill did not pass. The "Navy Ias obligated to

jproceed with the five production shirs and Boeirg - cm-

menced constr-ictIon in Cctober 1977. Delivery will ocsur

in 1981 and 1982.

Congress did ho, ever, acceot the ::a-y's sugges-

tior. to cut budget Suppcr: for a logistics -latform for

the MLSJ. The Ei- program office advises that an alter-

nate nlatform consisting of 50 portable vans was recently

proposed by the 'a-avy and is included in cI'. ?I.

.":ATC Froxram Ends

:n May 1977 the Federal Retublic oa' 2erman*y"

drew from the P3 program to build less costly nor-

,hyArofoil missile -atrol boats 17 This event bre.ght

• ; - .. ...p - "' - ' " •: ' ' • I m



an end to major NATO involvement in. the FIR. program. All

that remains Is the procurement of the foreign equipments

for the U. S. variant.

II I. AN:ALYSIS

The most significant observatiorn about the •.•'s

history that would cause one to question the success of

the P.! program is the drastic reduction in scope that has

occurred since the program's irception. To summarize, PHI,:

began as a 60 ship NATO program, half of which were for use

by the United States. Sutport for the program gradually

deteriorated on grounds of reduced cost effectiveness,

beginning with the Congress in 1974 and ending with the

:;avy and the Federal Republic of Germar.y in 1977. it is

only because of Congressional insistence that five ships

are currently being but.

This chapter deals with :he rationale which caused the

-2 to lose its attractiveness in compariscn with other
rrograms, and the problems the current program . anager

faces as a result of the cutback.

A. COST ECTIM =E-:SS

4omtetition for Limited federal funds is evident

throughout the government. The Department of 7efense

competes with other governmental agencies and the indi-

vidual services commete for their shares. Within a
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service, individual programs such as the PHM compete with

other programs. Since there are not enough dollar re-

sources to fund each program a service believes it needs

in performance of its mission, measures of effectiveness

are necessary to evaluate and prioritize them. Highest

priority funding consideration is logically given to the

programs which provide the most national defense per

dollar expended.

Cost effectiveness provides such a measure and is

used to rank programs. It considers the mission category,

e.g., anti-surface ship warfare,. anti-air warfare or anti-

submarine warfare, and, through simulated battle

techniques, computes the cost of each enemy ship, sub-

marine or aircraft killed [7L• This figure can be used

to compare the relative merits of programs in similar

mission roles.

1. Cost

The technology base which indicated the FIM to be

a low-risk venture was apparently not as solid as was

previously supposed. 7rn 1974, cost escalation on the

order of two times the original estimates raised the price

from -20.5M to .4lIM per copy (both figures in 1974 dollars)

and was cited as the reason for all the anti-P.-M decisions

*which followed U7]. The consequent reduction in cost

effectiveress caused the first cutback from 28 to five

production ships, the' withdrawal of _ATO ;artic1,pants and
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lessened interest by the U. S. Navy. In defense of the

program, cost growth should be placed in perspective as

follows: (All figures in 1974 dollars.) Original esti-

mates of unit ship cost for a production run of 28 shins

was approximately .;20,5M. Program growth and escalation

moved the unit price for 28 ships upwards to A28.9M

corresponding to a cost growth factor of 1.4. Cutting

the program back to five ships made the %trit price .ý41.'A.M

and accounts for the majority of the cost growth factor

of two. Cost growth of 1.4, although still not desirable,

is not unusual in shipbuilding programs. This figure

compares favorably with the cost growth factor of 1.5

experienced by the highly successful FFG-7 program [7].

2. Mission

The Federal Republic of :errany was thd first to

express a need for improved anti-surface ship capabillty

whidh led to the NATO mission requirement. 'hey needed

a patrol craft to operate in the Baltic Sea to prevent

amphibious landings by the Warsaw Pact forces in the

area of the Baltic Sea approaches assoclated with attem.ts

to secure the entrance and exit to the sea. For their

purpose, the ship's mission was specific and single

purpose. Long-range capability of the ship was not a

bt critical factor because iAts operation was tied to a

- specific geographic location and integrated wi.ti 'e:rman
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land-based naval aviation. The Pf' was especially suited

for this mission because it served as a stable platform

which enabled the effective use of the surface to surface

weapons durin- rough seas C(J.

Even though operation of the U. S. variant of

the PHLM would not be restricted to a specific geographical

area, it was felt that its mission would approximate the

FRG mission, i.e., patrol coastal and choke point areas

similar to the Baltic Sea approaches C7]. Since it only

had anti-surface ship capability, its use would be

restricted to relatively benign areas where enemy aircraft

and submarines would not pose a threat. It would therefore

be used in a supportive role to free up larger multi-

mission combatants for more hostile environments by

patrolling those areas where only a surface threat was

extected. It was felt that procurement of a single mission

ship was justified if it could be produced at a low cost-J.

3. The Har-poon Missile

The .,ATC erceived threat of ,4arsaw Pact combatants

has not gone away or charged. The technology for challeng-

ing the threat, however, has charged. _rior to the de-

7elopment of the Ha-rpoon missile, guns mounted aboard ships

served as their primary anti-surface ship weapons system.

However, high seas states interfere with the use of guns.

T1herefore, the submerged foil hyerofoil was ";,alued since it

could rroviee the most stable platform to use the Euns

effectively.
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The Harpoon missile is a recent innovation in anti-

surface ship warfare. It is an anti-ship cruise missile

with a range of about 60 miles L-7. Most significantly,

its use does not require a stable platform. For this rea-

son, the Germans decided to buy Harpoon-equipped non-

hydrofoil patrol boats large enough to maneuver in rough

seas. They felt that this vessel could accomplish their

mission almost as well as the F~, but at half the procure-

ment cost

The U. S. Navy is currently equipping all destroyers,

frigates, cruisers, land-based P-3 ASW patrol aircraft and

the carrier-based A-6 aircraft with Harpoon missiles.

According to Admiral Holloway L7J, this action will give

the U. S. Navy adequate anti-surface ship capability without

building more P23s.

in the area of anti-surface ship capability, cost

effectiveness studies comparing the PHM with the P-3 and

FFG-7 showed the P-3 to be slightly more cost effective

than the PRP and the FFG-7 was slightly less. Even though

the indices of cost effectiveness were very close tc one

another it must be remembered that the P-3 has, in addi-

tion, ASW capability and the FFG-7 is AAW and ASW capable.

* Therefore, the Navy concluded that given limited funds,

Sprocurement of multi-mission systems were preferred over

the P •1' E"

The preceding mission and cost data was presented

and discussed during the recision hearings in July 1977
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fj. DOD and the Navy favored the recislon_ý of the FY 75

and FY 76 funds appropriated for production of five more

PHMs in spite of favorable comments by Navy spokesmen re-

garding the fact that the hardware had met all of its

operational expectations. Furthermore, when questioned

about the possibility of adding an additional capability

such as ASW, Navy spokesmen testified that such a change

would not be feasible with the present fixed design.

The Navy was not as concerned with the funds al-

ready appropriated as it was with the future outlays ex-

pected by operation of the PHM squadron which would run

from $20M to 450M per year. Looking ahead to the 1980-81

timeframe which the President set for balancing the budget',

the funds used to operate PEN would displace something else

that the Navy would rather have.

PC. POITICAL I' T U CVS

'The strongest opponent of the President's recision

proposal was the Representative from Seattle (and Boeing's)

Congressional district. In his opening zemarks at the h:ear-

i -71, he reminded the Subcommittee of the growing im-

balance of naval power between the United States and Soviet

Russia and the need to protect our high value carrier task

groups. :2e felt that P-.2s were a viable means of free.ns

up these task groups in the Mediterranean ane northern "[AIc

flanks because their cost is about one-third the cost of''the

next least expensive coLbatant, the -FG-7, and their small
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size, speed and maneuverability make them less vulnerable

to torpedo and cruise missile attack. With the Navy grow-

ing progressively smaller, he questioned the Navy's judgment

In terminating a program of highly capable ships that has

already been paid for. He also reminded the Subcommittee

that as late as March 1977, the Secretary of the Navy, the

Chief of Naval Operations end the surface mission sponso.

(OP-03) had strongly advocated continuance of the program.

After hearing all testimony, the Subcommittee vated

against the recision and the proposal did not go before

the House. They (the Subcommittee) felt that the PFI-I

squadron was a seapower concept which differed sufficiently

from the Navy's traditional strategy of fewer, large multi-

mission ships to warrant evaluation. As a result of this

actiQn, the Navy and DOD were forced to accept a program

which they had testified against.

Interestingly, the roles of the Congress and the Navy

in presenting pro and con arguments at the recision hear-

ings were completely reversed from the funding hearings in

1974. This reversal is probably due to a changing environ-

mernt which manifests itself in the goals of decision makers.

A new President with new fiscal policies could have caused

the Navy to anticipate budget reductions and therefore,

reevaluate its priorities. A greater awareness of the

growing imbalance of naval capability between the U. S. and

the U. S. S. R. could be a factor which partially reversed

the Congressional position on PEN. In any event, the
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point here is that a changing political environment ap-

pears to have greatly affected the outcome of the program.

C. CURRET PF.i VUIAGENM;T PROBLEmS

Having analyzed the rationale behind the program's re-

duction in scope, the unwillingness of the Navy to accept

the program and the Congressional reasons for its continua-

tion, the logical next step is to analyze the effects of

these events on the current management of the zrogram.

Briefly, the current status of the program is as fol-

lows:, What was once a 60 ship :NATO program now consists of

only six ships. The number of U. S. operational personnel

involved, including ship's crews, squadron and M7SG person-

nel, has been correspondingly reduced from 1000 to 200.

The NATO interoperability requirement that was responsible

for the metric design and unique foreignr equipments no

longer exists. The MLSG platform has been changed from an

afloat tender to a complex of mobile van containers and has

resulted in the degradation of the 7HfI's o;erational

flexibility in possible mission scenarios f7J.
The most significant problem the current zrozram mana-

ger faces today is implementation of the logistics plans

that were formulated when -avy support for the rrogram was

much stronger. Albeit the scope of the program has de-

creased, the ship itself has not changed, and the same

logistic support requirements still exist.

It was decided at the time the design trade-offs were

being made concerning manning and training that it was more
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feasible to rely on priority detailing and training than it

would be to change the ship design to carry more crew mem-

bers. It was also recognized that implementation of these

plans would require special consideration by the Bureau of

Naval Personnel (BUPES) and the Chief of Naval Education

and Training (CNET). Continued cooperation of these com-

mands was justifiably assumed given the NATO involvement,

Navy-wide enthusiasm and the large number of personinel In-

volved when this assumption was made. ..ow that only six

ships remain, and the NATO political aspect has dis-

appeared, the enthusiasm to provide a specialized logistic

environment for the PHV has disappeared as well.

Table B1 indicates the prerequisite training courses

originally requested and those actually received. The

reduction of training at established Navy schools was

largely aimed at courses designed to enhance the mainten-

ance capability of equipment operators. BTL7ERS Justified

deletion of these training courses based on their literal

interpretation of the PID maintenance concept. Theo-

retically, this is a valid argument because decreased main-

tenance training is the benefit of a maintenance practice

which Utilizes replacement modules and standard hand tools

for equipment repair. Detailed technical expertise at the

equipment part level is not required when such moduleý: are

available.

Implementation of the maintenance and training con-

cepts has not been a problem with regard to the equipment
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designed especially for the Phi4. Government furnished

equipment (GFE) on the PEI4, however, does present a problem,

because these equipments were designed for use aboard ships

with traditional maintenance practices. Replacement modules

are not currently available and detailed technical exper-

tise is required to repair these equipments at the part

level.

The Fleet Support Improvement Program (PMS 306) has

been responsible for developing replacement modules for GFE

aboard PRY, but, according to the PHM program office, has

not shown significant progress to date because its efforts

have been dedicated to the GFE associated with larger pro-

grams such as the FFG-7. To compensate for this lack of

rrogress, the PF14 program manager requested additional

maintenance training in the Navy Training Ylan for P,.

Had the P-M maintained its position as a major program,

then perhaps PMS 306 would have shown earlier results with

GFE modularization or BLtTS would have granted the addi-

tional training.

Table B 2 lists the associated training equipments and

indicates almost all are not supported by the CO-39 sponsor.

The argument to justify this position is that such a pur-

chase of training aids would not be cost effective due to

the small number of personnel who would benefit from their

use [7"
These examples indicate a reluctance on the part of the

N;avy to commit resources and attention to other than the
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most major and visible programs. Thile this strategy is

probably best in view of scarce resources, it is bound to

take its toll on PHIN: effectiveness. This causes a problem

for the program manager because he is responsible for dem-

onstrating the full potential of a PIE,' squadron consistent

with Congressional desires, but he is not receiving the

total sur.rort or resources to accomplish this objective.

IV. L3SS0•'S LARtC•-

There are many unique asrects of the piI: program which

distinouish it from traditional ship accuisition nrograms.

The hardw;are itself arnd its carabilities, the manning 'and

maintenance policies -and the i'ATC invcleement all reculred

innovative management approaches to 1ntecrate them into a

single system. The -roblems ex-erienced by the -:rcgraz,

however, can be Categorized into areas which can affect any

acquisition -ro ect no matter how unziue it is, h', effec-

titely it is manaqee or how well the system performs. ThS'.s

charter focuses on some of the specific circumstances ".hic

serlously affected the zutccte cf the i-rograz and catego-

rizes them into gereral system acquisition prob'hems which

have the potential to affect any rrogram, regard!less of

the :rozram manager's efforts.

The P. w as first estimated to cost .... Per z -y

7 .ollars) for 2s ships. the tarzet -*rice in the fi'e!
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price incentive production contract for five ships is '63M

each (1978 dollars). Discounting for inflation and reduc-

tion in size of the production run, there was actua± cost

growth of approximately 1.4 times the original estimate.

Admiral Holloway '7J indicated that such cost growth is

usual in shipbuilding programs.

Fox [101 confirns that cost overruns are a fact of life

and generally occur either because original estimates were

too low, or because the program was not adequately control-

led to prevent inefficiencies. For obvious reasons,

however, a program manager who finds himself in an oierrun

situation -will most likely maintain that the ori-inal esti-

mate was too low.

?ox also points out that simply increasing the original

estimate would not solve the problem since bcntractcrs' In-

terrnal budgets are deterined by the amount of fuds a'va21-

able. Higher estimates would only mean higher planned

costs. Competition causes contractors to use only the most

optimistic cost estimates. L!*kcewlse, the ;roSTra =anaier

must use the most ortimlt.i.c es:tmate in order to remain

,*ommetiti7e with other programs for fund.ng.

Therefore, in trograms where costing data is not kronjr

-with certainty, -rcgrar managers and contractors alike stand

to g-ain more from being cost ortltistic than they standi to

lose if cost o7er=uns occur. The rewards and :unishments

in the rresent aczuis1:icn -rccess make cost overr-.r

inev-itable
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B. CHANGE

The time that will have elapsed between the concep-

tion of the FE-, and the final production is approximately

12 years. This lengthy time period is also not unusual

for shipbuilding programs. Time itself is not necessar-

ily a problem, but the longer the process takes, the

longer the program is exnrosed to the probability of changes

in technology and decision makers and their attitudes.

The PFM and the Harpoon missile were developed during

the same approximate time period. The Earpoon was con-

sidered by the Eli.K project office to be a system that would

enhance the effectiveness of the .-- i rather than be a

threat to its existence. From a national defense stand-

point, ad7ancing technology can certainly not be consider-

ed a proble=, but to those loyal to the the advent of

the Harpoon missile 'combined with cost escalation made the

PET: appear less attractile when commared to alternate

methods of anti-surface shic warfare. Had cost overruns

not occurred, or had tec-rnology not -roduced the har-ocn

*mssile, the !:-H: would have maintained its cosition as a

major ":ATC program. The roint here is that a pro-gram mana-

ger cannot readily assess the im'act of advancin. tech-

Snology in another rrogram on his own p:rogram, nor wcud it

make a difference if he could. --"s activities are con-

fined to his owr area of reszorsbil'ty.



Decision makers change over time either by election,

promotion, retirement, et cetera. New decision makers

bring new attitudes and beliefs regarding the 'best nation-

al interests". Former C',C Admiral Zumwalt was a strong

proponent of the PHM, program during his tour as C.:C LI3.

He recognized the "i2, as a new level of naval weapons

capability which should be actively pursued. His opinion

was based on recognition of reduced manpower and fiscal

resources within the :',avy to combat the increasing Soviet

threat. The PI•M, offered a more versatile and less ex-en-

sive weapons system than the :"avy has ever known before.

Zumwalt therefore believed that it made good sense to tulid

a tortion of our naval ca-a'zility arourd -- :s to relieve

the vulnerability of our high value targets and increase

the total number of ships. •H.e also supported the concept

of an afloat . to prcvide =aximum mobility for the PHr"

squadron.

Admiral Holloway, who relieved Admiral Zuzwalt as C:.O,

agreed that the PH-M was a good naval asset to have, hc:w-

ever, he felt that the :navy's limited rescurces ccu.d te

better spent on other programs. .e testified accordingly

in a House subcommittee hearing when the Presidentattemnted

to rescind the f.-nas obligated for ccnstructicn of FHr.•s

t7]. Admiral .ollowayls views were consistent with t.hose

of the newly appointed Secretary of efer.se Brow- and

Secretary of the .Navy Claytor who were establishing
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defense priorities in accordance with newly elected Presi-

dent Carter's campaign promise to balance the federal

budget. No attempt will be made here to justify or argue

the decision to delete the PM•4 from the budget. The point

of this observation is that different personalities and

objectives of major policy makers greatly influenced the

eventual outcome of the program, in spite of the program

manager's efforts to make his rzrogram a success.

C. CCITROL

Cne major -roblem of the acquisition process that af-

fected the t-EM is the apparent lack of a central source of

control over commitment, continuity or resi~onsibility for

the effective management of the program.. Theoretrlýaly,

all :orogram decisions should be consistent ",Tith the "best

national interests". eaistically, however, t..s is ar

unachievable endeavor since the term takes on d!fferent

meanings -4epending on the political roint of view of the

±ecisicn maker and the time period Involved. .:Ien a

dynamic environment where the concept of the "oest nation-

al interests" changes continuously, there is not nor :an

there be any central cortrol or responsibIlity to assure

continuity of the decision ;rocess.

There are numerous examples of discontinucus control

Sthroughout the P-' program. The .A:C Ir:rogram Xana-er

-ad no control over the There

ac.-s no commitment of f'&nds an: no way to enrfzrce contlnu&',t
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participation to keep the program on a large scale to

minimize the unit cost. On a national level, a similar

event occurred by a change in Presidents and Secretaries

of-Defense. A !resident is not obligated to continue the

policies and programs, f his predecessor.

With this tyre of discontinuity evident at the highest

levels, it is not difficult to understand how a commitment

might be agreed upon by the members of an early DSARC (Le-

"fense Systems Acquisition Review Council) to rely hea':ily

on training at ",:avy School's later in the Pi's life cycle.

;:ot only can the DSARC members' objectives change with

the President's, but also the members of the committees

are likely to change before 4t becomes time to implement

the earlier decision. The PiHi program manager position

itself turned oier three times prior to the co'.mencement of

const-Vuction on the five production ships.

.Another example of discontinuous control and dfferinz

-zrosrectives on the "best interests of national defense"

is the power struggle between the Legislative and Zxec:ti,:e

zranches of Government as it applies to the eventual out-

come of the '.=H. rogram. The reason the ships are bei•r

built is because of Congressional desire to examine a

squadron's potential as an alternate sea .;ower stratezy.

The -xecutive B_-ranch was desirous of deletlnz the rro.ram.

4 :n order to obtectlvely evaluate the -?:"s uotential -.

cuires the outlay of a few more do!lars to :ro'7de the

-ro'er tralni.g supcort en'ironment. :0 not 7rcvei th.e
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training support as planned makes it impossible for the

ship to perform as it was designed. This approach may have

saved some dollars in training, but the true benefit of

the sunk cost of ship construction will never be known. A

cooperative effort by the Executive and Legislative

Branches would have either caused continuation of the pro-

gram, with full support or deletion of the program altogether

"(thereby saving hundreds of Zilliors of dollars).

Fox •,0 discusses additional factors In the systems

acquisition process which have the potential to affect the

outcome of a program and are beyond the span of control of

the program manager.

The hZ is a defense application of the latest hydro-

foil technology. :t is a =rniqe ship cla3s not, only be-
cause of i's arrearance and oterationa' capabilities, but

aso because of the nor-traditional corsiderations that

entered the design trade-off process. :he reduced manning

and maintenance concerts and the original ::A•1%':• inter-

operability concept all presented nor-traditional chal-

lenges to the management of the :rogram.

":n one respect, the program can be considered a com-

plete success. The early detailed planning that nroduced

the final design naid off because the ship, as evidenced

ya the testl.. of the .rototyte, is canable of .perfcrminx



the mission tasks which precipitated its development.

This success can be rightfully attributed to the prOgram

manager because the operational carability of the ship is

the result of efforts under his direct control.

In another respect, however, the program was not com-

pletely'successful because it did not malntair its rosition

as a major program. The f..ctors that caused the reduction

in the program's scope such as cost escalation, advancing

technology (the Harpoon missile) and varied interpreta-

tions of the "best national interests" by decision makers

external to the program office, were factors over which the

program. manager could not exercise control.

These factors Doint to the unavoidable Tharacteristic

of the systems acquisition. process which is the lack of a

central controlling entity to provide for a consistent and

stabilized basis ori which to make :rogram decisions. This

characteristic gives.the systems acquisition ;rocess

strength in that it forces programs to adjust to a changing

environment. .However, the same characteristic has -1 weak-

ness which manifests itself as additional expense or

decreased effectiveness.

Ia



APPEYLIX A

F:-L•' •!A:;PcW•R REQUIRZ•:.ETS

The discussion which follows is the procedure used for

the preparation of the FS.D for the PHY;-1 class ship 2]J.

1 It serves as the justification for the manning level cur-

.rently used aboard P??,'!. To summarize, the document is

prepared in the following steps:

1. Projected Operational Environment (PCE) is reviewed.

2. Operational billets are identified.

3.Total weekly manhours required to operate and

maintain the ship are computed.

L. Ianhours are allocated to billets subject to

constraints.

A. jzc C'ATIc:A 3:I0.xT( C)

The protected operational environ,=ent establishes the

most demanding operational condition for "hcn a shlr Must

te :-arned. The PCE for the PiN class is "at sea In war-

tie". This cresurzoses enouzh zersonnel tc perform all

oIfensive and defensive functions while in Readiness Con-

eItion I (all hands - General •uarters) and mairtain Readl-

ness condition MI. (;ort and starboard - two section watlch)

at sea for reriods of five days followed 'y twc 4ays of up-
"!cee durinz which time the shin's crew wtl! be or liberty

and tl-ebLS' rersonne. will rerform necessary maintenance.

/.



B. WATCHSTADING AITD OCIFMATIONAL 'JORXLCAD REQUIR•c•.TS

Predictions for the number of personnel required to

operate the ship in its projected operational environment

(Readiness Conditions I and III) were based on the ex-

perience gained by the operation of previous hydrofoil

craft anC. the know-m weapons configuration of the P3-1.

As indicated by Table A!, 17 persons are required for

Condition i and 15 for Condition !II (an officer assumes

one of the watchstations in the starboard section). These

figures became the basis for the establishment of 17 bil-

lets (15 watchstanders and 2 non-watchstanders)'. Rates

and ratings for each billet were determined by a combina-

tion of experience and application of the operational

functions and task statements contained in the Xaiy -nllst-

ed Cccumational Standards [l7J. The operational billets

and their personnel requirements are sumrarized In Table A2.

Although the ship must have the capability of achiev-

ing Condition I readiness, the operational hours are based

on Readiness Condition I1I. The hours allocated to onera-

tional manning is 60 hours per week per watchstander

(5 days /week x 12 hours /day /watchstander).

C. PRZV='TIV ANMD CC?_RRCTIVE rAI•TE•:E'ACE (.=M & Cm) '.;CR.cA:

Crganizational level preventive maintenance assigned to

Sthe P:••. crew is limited to daily treventlie maintenance

tasks which cannot be rescheduled to the In-port periods.

po
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All other M'- is accomplished by the MLSG during the two-

day upkeep period. A planned maintenance system automated

list tailored to the prototype, USS PEGASUS (,-l), was

used to obtain a listing of shipboard equipments. Most

equipments have established .:avy standards which itemize

the maintenance task, man-hours to accomplish, skill level

and frequency of the maintenance action. By use of these

fi.gixres, the weekly man-hour requirement for -reve ntive

_a.ntena..ce was determined by totaling the daily task =an-

hour requirements and multitlying by five days per week.

The 'daly preventive maintenance for the remaining two

days is accomplished by the MLSG. The total treventive

malntenance man-hours assigned to the ship's irew is 21.5

=.as -n additional standard of 30i of the preventi'e main-

.enance =ar.-ýcur requirements for each billet for "make

ready - put away" time'.

Corrective mainterance Is estimated as a fuzr.cttor. of

;revenrtle maintenance ho!.rs. :n order to est1.mate correc-

t1ve malntenance it is necessary to separate the ;reventlve

maintenance into categories as follows: 1.5 weekly hours

for electrorizs technr.:ian (ST) ty-e work are 22 hours for

all other :re renive mainterance work. As speci fled by

%C!* A7 I the standard ratio of =.-Il to C."

for estimation is one hour of PM to one hour of f for

r-tye work and two ho-:rs of FM to one hour of CM for a.ll

other .-ork. Xalnterance weekly man-hours are sumarized

in :a-'-e A3.



TABLE A3,

plEVrTIVE NDr COR'P.-Z=TVZ "!AIN."TMANCr- HOURS

ELECrIRoifr-Os ALL TOTI TA I
(ET-7 fE) __ __ _

___ __ ___ __ ___ __ 1.'$ 22.0 23.5I

,TPR-C'rrEltT :I%'A:1T~ACr 1.5 11.0 12.S_

RODUC!TICE
(30'% OF ?M1) 6_____.6 7.05_

I5



D. FACILITY MA::.rA'cE (F.:)'

Facility maintenance for the T:-Dr consists of little

more than daily housekeeping chores. Major F*.- such as

painting and chipping is performec- by :he YLLG. The week-

ly hours for FM were determined as follows:'

1. FM tasks were identified by Interviewing

members of the -rototype.

2. The tine to :erform- each task was standard-

ized in accordance with a :,rescribed ::avy

Standard "or% Rate AssuPtioon (from CPX.Ai

instructions for each task as a function

of space size or -uiber of units (.e., sinks,

ladders, etc.).

3. The weekly . mazn-hours ter space was computed

by mult4plying the task action t:-.e by the

frequency of that action rer week.

J. The grand total of 30.59 hours is the su= of

the weekly F.X times for each space. Table A-

summarizes .% man-hours by srace.

Z. t=I.ITY TASK .AND 270L TIC C (.")

This category accounts for the man-hours stent nerfor=-

ing special detaills while urder•ay. Cf all -he special

Oetails (such as man overboard, owv7Is.cI Ity o eratiort

towing, etc.) only two, the Speci.al Sea and. A-nchor :eta~l

and .Re-1enishment at Sea are rerform-ed4 .. sufficient
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tire consumption or frequency to require accou.ting of

time for the purpose of computing required man-hours.

These details take place concurrently with operational

watchstanding. Therefore, the man-hours allocated to this

category apply only to those personnel who are not on

Condition 11I watch during the special detail. Aatch-

stander time has already been accounted for in a separate

category.

The following subzaagrarphs account for the - time

zategory:

1. Stecial Sea and Anchor Deta-1l is an all-hands

evolution. Table A5 shows the time s~zent by

the additional nine crewmembers who are not

on watch while completing one getting away

and one docking.

2. ae.lenlsh=ent at Sea is also ar. all-hanýds

evolution. The hours allocate,' to the e.-.e

zlenishment at Sea 5etall de-ends zu--o the

frequency of refuelinx 4uring a weekly 4ission.

Since this figure is likely to vary, a weekly

average of two underway fuelings is assumed

based on a 120-hour mission with approximate-

ly 11.2 hours foliborne. The time spent on

4each refueling is a function of a standardt

4 ucping rate of '1,000 gallors per hour with

a 21-Inch hose connection. ie-lenishment at

Sea weekly hours are summarized in Table A6.

61\
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The total UT man-hour workload for FHX Is 28.044 hours

per week. The non-watchstanders (the radioman and the mess

management specialist) are allocated UT for each detail.

The watchstanders are each assumed to be off watch for

half the UT details and on watch (operational manning

hours) for the other half. Therefore, watchstanders are

allocated UT man-hours foz only half of the UT details.

Equitably distributing this workload, each watchstander is

allocated .. 476 UT weekly hours and each nor-;atazhstander

is allocated 2.952 LT weekly man-hours.

F. ADMINISTRAt!VE AXN STrFCRT AV:A:2:I:;G (A/S)

The PiD! lacks smace and facilities for complete admin-

istrative servises such as postal office, personnel office,

disbursing, medical, etc. Most of these functions are -er-

formed by the HMLSG. Very little adr-inlstrative and support

man-hours are spent by other than :ne mess management

specialist and the radloman. A/S hours for the mess

management specialist, radioman and watchstanders were

estimated by interviewing the crew of the prototype ane

are summarized in Tables A7 through A9.

S. SERVICE DIVESICN AIND TRAIN:ING ALLC1W4ACE (SB)

Service Diversion and Training consist'- of quarters,

award ceremonies, departmental training, et cetera. Man-

hours for this category is much less than is common on

traditional :;avy ships. in accordance with a special

. .6a pc4
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TABLZ A?

ADMINISTRATIVE AND SUPPORT REQUIRE•'ENTS:
SUPPLY (FOOD SERIIICE) SUPPORT

WEEKLY HOURS
TASK MESS ATTENDANT

1. Plan daily work 1.00

2. Make Coffee/Clean Coffee Pot 5.00

3. Set up mess tables 1.50

4. Cook breakfast. 5.00

S. Prepare Menu 1.00

6. Prepare stores inventory 2.00

7. Prepare daily subsistance reports 5.00

S. Prepare noon meal 5.00

9. Prepare evening meal 5.00

10. Clean Galley 2.50

11. Store leftover food 2.50

12. Review menu, break out supplies 1.50

13. Break out any provisions 2.00

14. Wash dishes 2.00

15. Stow dishes 2.50

ADMINISTRATI-VE AND SUPPORT WEEKLY HOURS
ALLOCATED TO vMS2 43.50

I

/4
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TABLE A8

ADMINISTRArIVE., AND SUPPORT REQUIREMENTS
COMMAND (CO I.1IqUNICATOR) SUPPORT

WEEKLY HOURS
TASK COMMUN ICATOR

1. Plan work 1.00

2. Process special request chits .20

3. Monitor performance of personnel opera-
ting communications equipment 15.00

4. Monitor performance of equipment 15.00

5. Manage communication traffic 2.50

6. Monitor circuitry engaged in transmission 2.50

7. Prepare stub requisitions .20

8. Maintain publications and documents 1.25

9. Record and file electronic communications 2.50

10. Inspect equipment 2.50

11. Manage and cont'ol communications
classified documents 1.25

ADMINISTRATIVE AND SUPPORT WEEKLY HOURS
ALLOCATED TO RMI 43.90

V



//

TABLE A9

"ADMZNISTRATIVE AND SUPPORT REQUtREMENTS:

ADMINISTRATIVE (PHM AT-SZA) SUPPORT

WEM, NY I#OUS PER DEARTM.'NT
TASK OPERATIONS WEAPONS ENGINEERING

1. Perform departmental traininq .20 .20 .20
2. P'rocess stun requisition chits .20 .20 .20
3. Maintain publications .20 .20 .20
.4. Maintain chnrts .30 - -

5. Process spe.cial request chits .10 .10 .10
6. Maintain files .10 .10 .10
7. Plan & assi•n work to

subordinates 2.50 1.00 .50
8. Check work of subordinates .30 .30 .30
9. Conduct cnlistod performance

evaluations .20 .20 .20
10. Pr--parc//u,'ate watch quarter

and station bill .10 .10 .10
11. AdAitnistteor personn4.1 quali-

fication standards .10 .10 .10
12. Instr-uct suhordinates in all

applications of safety
.recautions .20 .20 .20

13. M•nataLn departiment files.
training data, space and
ecuime"t loas .20 .20 .20

14. Attend brý,.finas .10 .10 .10
15. I[vi.w & route instructions

and notices .10 .10 .10
16 Control a super-•ises handling

and submission of a&- forms
and reports originatinq
within the department .2%) .20 .20

17. Draft/.,-2d. =nOrr-spondence .10 .10 .10
18. Counseling personne! .10 .10 .10
19. Maintain N-aviqat.'Cn Loa 2.50 - -
20. Supervise :..rtanancs, . pro-'

serva-,cn & cleanli:ness of all
assigned spaces A40 .40 .40

21. Revr'.•r aintenance records .10 .10 .10
22. Revx-w weaoons crdcL-s and

directives - .10 -
23. Perform department PO daties .10 .10 .10
24. F-e-zare fuel & daily water report - - .10
25. Prepare chemicals for water test - - .10
26. Test fuel - .10
27. Make log entries .20 .20 .20

TOTALS 8.60 4.40 4.10

(GRAND TOTAL * 17.10)



CPNAV letter, this allowar.ce has been set at two hours ter

week for each crew :ember.

•. STANBARD A J 4OR.'•i=- AFLOkI CC. :RA:":

The standard workweek afloat [15 ;rescr4bes -he

maximum weekly hours for enlisted watc-isstanders at, sea 13

74 hours and 66 hours for non-watchsta~nders. TTIhe work-

week may be less than those amcunts buat should -not oxteel

them unless compelled by e-er-enz.- Or ":att'e :ond::r.s.

For the PH- crew, the standard wcr:.-4eer Is comznete,.

during its five-day mission. There - rno In-rort wa -

standing or workload requireter~t e-rert t.-r sche4!1'e.

maintenance and over?.aul =erlods. Table All gives t-.e

breakdowr of both the Standard :'a-iy .,ork-,:ee% lr 't-e

version of the :*avy Standard which represents the uz;por

bound on weekly man-rours 3*=S'4.n cndi ..

i. ",,cRKOA• SL•.2:A.R

Table All s-1-marizes the mar.-nocs by :ategory d!Is-

cussed ;reviousl:r. ..cte that a sa.ndar- 2" .-rouctý.e

allowance to account f:r inefficiencees usually exrerl-

enced by shipboard workers has been :. .... no

that the two hours per man for Se-vice Ldlverslon and

Training has not yet been Included because the totxi

number of cersonnel or the need for ad!'_-lonal billets

has'not been established at t his =oint in the aralysis.
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Table A12 indicates that 15 watchsta,.ders and two non-

watchstanders, provide enough man-hours 'to accomplish all

tasks even after lncluding the SZ allowance.

4ne final step In the manning document p reparation

-process is the allocation of the man-hours in each cate-,

gory. Priority is given to watchstanding hours and. main-

tenance hours requiring higher skill levels. Cther tasks

3re allccated equitably being mindful not to exceed the

i-; version of the Navy standard of 70 hours for watch-

standers and EE hour for nr.on-watchstanders. Allocatl.on

of aC. weekly hours is showr, i.4. Table A13.

Nan-hour treakdown 'for officers is not a razt of .his

analysis, 'ut an officer billet s,!una:y is shcwr. in Table

A!-. Cfficer manning 'or Ie• was the result of the co=hi-

natior of a functional analysts of the o-erational re-

quirements for fighting the ship and res-cnsi.ili Ies and

dut!i; directed by CT..AV regulations
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APPENDIX B

ii ~ ~~~PI-M, ,TP.! NI_:G REUR .. ;

Appendix A discusses the rationale for the number

of personnel to man the P'. as well as for ratings and
skill levels required. Once the ship's mannin. has been

established it is necessary to deter=-_.e 'ho, these rer-

scnnel will be trained to oterate anr. maintain the ship.

A. THAI:!; : ~CGIC:•-

"The uniqueness of the wh- ;zhich distinguishes it

from traditional combat vessels requires a ccrrestondrng-

ly"urnique training concert. As the =roduct of a ::•:C

design the shin cortairs equ!;eents not fIund on other

Navy vessels. The redu-ced -anninz cencert which was a

result of the 0=eratcral and =alntenar.ce :oncerts re-

quires highy skilled :ersonnel who are ca:able of orera-

t-on as well as repa4r of the equr.•ent. As forecasted

early In the conce-tual phase, -rce " s at"c"•-

,ated to be requ:ree for e'. :.r:, =emzers than fcr ....

embers or. other :'avy shl;s. The following '-nfcratlcn

taken from the ::av:y :rar~inng -fan for'....h. -1..3

cusses the training goals and methods rlannee for

acco2.s-- -Ir.z those zoalz.

"'Exirsting :'a-;y traininz courses will be isee to t-e

:ax4=,= extentt rossib.e to train :erscnne'. -ra .r.nz

, I - m m



requirements that cannot be satisfied by existing ::avy

schools will be met by contractor training for the initial

crews and by formal training and on-board training ,under

the cognizance of the Squadron Commander." :he manning

document for the -SG includes instruc'tor billets to pro-

vide for this additional training.

Training for the crew falls into two broad cate-

zories:

1. Prrereuisite Trairinx

Yrerequsite training consists cf both pro-

fessional and technical courses normally completed i,

preparation for assignrent to a billet. Examples ,re:

a .XC (Crosrecti:e Executive Cfficer) course for officers,

ared an ::EC awarding course for enlisted personnel or

course required for performance in an identified =iE

billet for which an !C is not recuired.

In general, these training requirements are gene-

rated by the equipment mairtenance or operational re-

quirement or by watch station assignments. These

prerequisi.1te training requirements will be -et by existing

.:avy Schools and will be received prior to undertak•.n• PEK(

unique training.

2. "H.•-' Uniaue, Traininz

Unique training consists of the courses specifi-

cally designed to pre-are personnel to perform operation

and maintenance functions unique to 1:j.i equipment. 1here
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are no established ::avy schools for this type of training

due to previous lack of requirement for them, nor are Savy

schools expected to be established for PH2,1 equipment be-

cause of the relatiiely small number of personnel involved.

The training must nonetheless be accomplished. Two ap-

troaches to accomplish this training will be utilized:

factory training and on-board training under the cogni-

zance of the P.22,. Squadron Commander.

Factory training by the Boeing Company provides

the original body of knowledge and skills to selected

initial crewmembers and XLSG instructor personnel on a one-

time basis. Replacement personnel are trained either

on-board by personnel being relieved or formally by the

instructors at the MLSG training division. The success

of this training approach depends upon the Navy's detail-

ing ability to provide contact reliefs, especially for the

instructors, to preserve the body of kn-owledge fIrst ac-

quired from contractor traipsing. In the case of gapped

billets, the knowledge could only be restored by additional

(and costly) contracted training arrangements with Boeing.

B. TRA'N'1N..G COURSE RE7UIREX:TS

STraining requirements were established by an analysis

of the operational and maintenance tasks required by each

billet. Fersonal interviews with prototype crewmembers were

extensively used, The content of ::avy courses already in

existence was also reviewed. Whenever a training
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requirement could be satisfied by one of these schools,

that school became prerequisite training for the billet.

All other training requirements not satisfied In this man-

ner were incorrorated into a formal training course to be

conducted locally at the : or at the Boeing :lant for

the initial crews,

Table B1. lists by billet the -rerequisite and Pl-4

uriaue training courses deemed necessary ty the zrolect

-anager for the effective utilila.-cn of the ship. rhe

list comes from the 1976 version of t*-he ::ay :raininz

Plan -oh-l.ch was arzrcved by the Cffice of the Chief of

::a.al Cpera:ions. A-:ro-:al cf the trainirng :lan does not

s-arantee eventual ffundirg for each course Idertified;

it merely v;7al.iates the nee,!. Actual funding a-ro.'a:

.eeerns larxely uron t•e _ri ority :laced on each require-

ment by the Thief of :'aal -ducation and lraing durIng

the Program Gbjecti~e ".:emorand-L (.:) submission -rccess.

The items marked w!:-. an asterisk (*) were eventually not

funded, and the crew o.,ill not recei,,e theze -rerecuisite

courses. The reasons for courses not belng fund eý are etis-

cussed in t:- "Analysis" cha-ter.

C. T.RA:NI;XG EQUIii':T AiD Z7ZICEJ

.raining equipments are actual hardw;are e-udimen:s

such as =. actual radar or engine which .iS used for trqir-

Ing. raIrnIg devices are simulators or moc!:-,'s of the

actual ecuipment used in ;lace of the actual equirment for

reasons of safety or cost.
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Training equitments and devices are extremely i-ror-

tant to the success of the P1i,' training program. due to the

low manning concett. Each crew member has to know how to

perform his job before the ship gets underway. There is

not enough space aboard to carry personnel in a training

status for more than one day. It is necessary that the

crew receive hands-on operationral and maintenance train-

ing through maximum use of training equi;ments and devices

to minimize the need for on-board training.

The iroJect Office requested :he tra-n...g equi;ments

and devices listed in Table E2 by letter in 1979 before

including them in the N:avy Training mlan.. The nctation

"not supported by C::C" indicates that the equipments were

not supported by the CP-79 surface warfare sponsor of the

program and therefore are not likely candidates for

funding. 5utnort and funding rationale for these items

is discussed in the "Analysis" chapter.
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TABLE B2

A. -.RZr, G tMrX f

LOXAT•tO FT.Mr1: STA7S

!T-831 SSPJ Great Lakes Mot Su.ported By CNO
AL'*_=.R•:! Gas Txrbine Maintenance
Trainer

"San Diego Not Supor-ted By -NO
""r.oon Engagefment Course Indicator

Automatic Control System LMSG Not Supported By CNIO

(IT) nertial Gyrocompass MLSG F.inded 'POM 80

S-S-63 Surface Sear-ch Radar M.IS- ot Supported By CNO i

B. TMAflMIG DEVICS

DEVIC LOCATTON r :-..ý MMIS

E-ngineering Operating Station Great Lakes Not Su;ported By CO
(MS) Simulated Gas Turbine' Trainer

MS ?anel Mockup MSC Lot Supported By CNO

! " ain .- ,. ulsion MmI Not Suppol-.d By CNO
Cutaway Mockup

M.. Diesel Head with Valve Train WI-SG Not Supported By _NO
Cutaway 1ockup

BSw Thruster Motor, Cutaway Mockup 3 Being Considerred
Fbr %-nding

Bridge Console Mockup, Navigation MLSG Nbt Gupported By TIO

* DistilliLng ?!ant, Cutaway Mockup MI.SG Not Supported By CNO

-lickers Hydraulic Trainer WM, Mct SupDported By CNO

Logic Trainer MISC lot Supported 3y INO
7.ectronics, Fire Control

37 mm



LIST CF RF- -

1. Shrader, J.N. ard Duff, X.,"The i.-I. Surface
Warfare Ship Technology T1akes a Step Forward," :;a-val
Engineers Journal, p. 107-118, June 1978.

2. Naval Ship Systems Co=mmand, ',*NAT.O Patrol Eydrofoil]1
Guided Missile (p?!im).

3. ::AVSHII;S 0900-070-9010, !L-:: Y.rogram- ZKaraxement :Ian
for i~.,v. 11, Cicerationa.L ;LoýIst~iz .urioort .-ýumxary
(OLiS).

4. ::-AVSZA TPLS 30-7301, ::a';y Trainin --Ian for (Tatro
Co~batant Eisslle Hydrofoll) ~iI .. Vrat a

5. Duff,' K;_.;:. Te~AC~tc.:ls~ ~o:(
Paper 72 596 presented to the AL~ T. r'A in ju2.ý

6. Duff, K.M., Schmidt, iiand ''erry, "The iA:O
PH:E: Shir anI ;4ea-cors System Tec-Icaiz 'Zvs,:azi',r

~~ram, Parer7~-o~-o reser~ed -.o -.-e .. A~
Advanced Marine Vehicles Cornflererce, .'e::tem'ter .

7. : erartment of Defense Arrrorriaticns for Fi.scal 'fear
1973ý7, "Patrol H44_r~foi :.XIssl1e :-rozgram s~no
A.-prorrlat~lons , ~'July 12, 1,77?.

3. Corzr,_essiona. "udset im-nound-aent and Corntroll ActI '7L

9. Of "Ice o" t*,e Chief of :;Aala C-.era: Ions :.:emcrarnd,= for
the ieco d 39/Tru~ot -I aining Devlizes
ValidatIcn o-, Ccta~er 197ý.

10. Foxc, J. u= z~-~ re~a !-o nh g.S B:3 .ea!or~s,
:a rvr .'n~.er-s~t; z-ress,

11. Umwalt -.R Co~en:, :.awal Englneers journal, r
11.8, Jure 197e.

12. NAV.SEAi Pre1!-nIriary ShIr Imanzotter _csent for'('

13.T:ATJPRS 18068D, M~anu~al of INavy Enl-Isted Ma-rower and
Personnel Classifications and. Occuzatlornal Standard~s.

E -iLL CAV::ST10P23,&12P4, Guide to the Preparation of'3K
M4ar~ring D)ocuments (v. I ane 2).

88



15. OFNAVINST 5330.8 (series), Naval Standard Workweeks
for Enlisted Personnel.

16. CPNAVXNST 3120.32, Standard Organization and Regu•a-
tions of the U. S. N:avy.



INITIAL DISTRI_1It'T:N4 LIst

No. Copies

1. Defense Documentation Center 2
Cameron Station
Alexandria, Virginia 22314

2. ½,fense Logistics Studies Information -x- 2
".hange
U -. Army Logistics M1anagement Center
F .t Lee, Virginia 23801

3. Li"r'.ry, Code 0412 2
svaj. Postgraduate School

Monterey, California 93940

4. Department Chairman, Code 54 Js
Department of Administrative Sciences
Naval Postgraduate School
Monterey, California 93940

5. Professor A. ;W. ,:cMasters, Code .4...

Department of Administrative Sciences
SNaval Postgraduate School
Monterey, California 93940

6. Professor Richard S. Elster, Code 54 Za
Deartment of Adm.istrative Sciences

Na7al iostgraduate School
Monterey, California 93940

7. LRM Thomas Canfield, Code 303.31
::aval Sea Systems Command, -MS 303
Washington, D. C. 20362

8. Lt. Edgar S. Ball, Jr.
U.S. Military Training Mission
A.i.0. New York 09616

i90,
,90


