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EXECUTIVE SUMMARY

The purpose of this study is to analyze alternatives to full scale

prototyping. The proposed Land Based Test Site (LBTS) for the Patrol

Frigate (PF) propulsion system was used as a model. The model was com-

pared to a simulator which consisted of a student console, a computer ,

and an instructor ’s console. Each alternative was evaluated in

relation to the stated objectives for the LBTS. After identifying

differences in meeting the objectives of the LBTS the evaluation was

reviewed for purposes of identifying criteria which could prove useful

to future programs.

The conclusions indicate that there are numerous considerations

which must be made in evaluating the need for a prototyping effort .

System analysis and decision analysis arc two tools which could be used

successfully to ensure completeness of considerations. These eight

criteria were particularly apparent.

1. J u s t i f y  the prototyp e in eng ineering terms .

2. Assess the cost and schedule risk of developing the pro to type  in

term s of the benef i t s .

3. Select the objectives with extreme care.

4. Review cur ren t  t e s t i ng  for  applicability.

5. Anal yze all possible a l ternat ives .

6. Consider ILS early.

7. Assess the management r isk.

8. Consider pol i t ical  issues.
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Chapter I

INTRODUCTION:

The cost of major weapon systems has doubled over the past ten

years. The Department of Defense (DOD) is modernizing their acquisition

procedures in order to reduce these costs. One of the areas receiving

extensive high level interest is the identification and reduction of

technical risks. To this end , DOD will not permit a program to progress

into the Full Scale Production phase until they are satisfied the risk

has been minimized. In a majority of cases this results in a need to

prototype and debug weapons prior to production.

Shipbuilding; because, of its long construction period is seriously

handicapped with this pnilosophy . In compliance with the need to reduce

technical risk only advanced technological areas need be prototyped .

Advanced technological areas are difficult to identify in many cases and

prototypit-ig may be app lied when not truly necessary. The purpose of

this paper will be to iden t i fy  c r i t er ia wh I ch may be app lied to dete rmine

if prototyping is indicated . The Patrol Frigate Propulsion System has

been selected for purposes of this investigation .

The Patrol Frigate  Propulsion System is being constructed at a Land

Based Test Site (LBTS) located at the Naval Shipyard in Philadelphia ,

Pennsylvania. The principle agent to the PF Project Manager is the Naval

Ship Engineering Center Philadelphia Division (NAVSECPHILADIV) . The PF

This study represents the views , conclusions and recommendations of the
author and does not necessarily reflect the official opinion of the
Defense Systems Management School nor the Department of Defense.1



Project Manager will present the findings of their initial testing to the

Defense System Acquisition Review Council (DSARC) in May of 1975. Under

the limitations of this schedule the site is currently being constructed ;

and, the decision to enter full scale production will depend largely upon

the performance of this site and a companion test facility for the combat

system.

The literature and data to be researched for this investigation is

• provided through the author ’s two years of experience in the program

office. The inputs establishing the requirements are taken from current

DOD Directives (DODD) which are in effect. The program objectives have

been established by the program office and are th~ same for purposes of

this study.

The study will be organized into six chapters in addItion to the

Introduction . Chapters II and III will deal with the related research

and data collection which provide the inputs for this systems analysis.

These chapters describe how the data has been obtained , its significance

to the research question and how it will be used . Chapters IV and V will

consist of a description of two alternatives , which could satisfactorily

reduce the technical risk. Chapter VI will consist of the analysis per-

formed on the two alternatives. In Chapter VII I will include additional

research considerations , and the utility of the criteria.

I intend to limit this analysis to two alternatives . The possibility

of combining alternatives will not be considered in the interest of

brevity; however, combined alternatives may prove fruitful ground for

future investigations. In order to bring the subject into a work package

which can be h andled  with in the time constraints of this project; 
the2



parameters to be considered will consist of Technical Support , L~tegrated

Logistics Support (ILS) , Test and Evaluation (T&E) , Schedule , and Costs.

A rigorous analysis would normally include the Poli t ical , Psycho—Social ,

and Cultural parameters as well. These items will be addressed to the

extent they will contr ibute to identif ying the criteria sought.

Since the PF propulsion system has been selected for investigation

it is appropriate to consider the objectives of this system for purposes

of this analysis . The hypothesis is that if the alternatives which are

being considered can satisfy these goals they are Indeed viable alterna-

tives. The objectives are identified in the PF Propulsion System LBTS

Management Plan(~~* as follows:

PRIMARY OBJECTIVES : -

Prior to February 1975 the primary objective of the Land Based Test

Site is to support the production decision for follow on ships . After

February 1975 the LBTS objectives will be to verify operating , ~atntc~~nce

and test procedures; to provide additional operational training, and to

test system upgrading .

SECONDARY OBJECTIVES:

In conjunction with the priniary objectives the following secondary

objectives are to be realized during the entire life of the LBTS:

1. To verif y the basic design of the propulsion sv~ tem prior to

shipboard installation .

* Superscript numbers in parentheses refer to references listed at the
end of this report. See the Table of Contents for page numbers.

3



2. To verify initial component check out and test procedures.

3. To verify installation procedures as appropriate.

4. To provide the baseline for configuration management of the

shipboard equipment.

• 5. To evaluate selected maintenance procedures.

• 6. To verify logistics support requirements as appropriate.

7. To determine the adequacy of propulsion controls.

8. To determine the level of machinery monitoring required for

proper system operat ion and r”~ int enance .

9. To verify operating procedures for normal and casualty modes.

10. To evaluate  proposed changes to the shi p boa r d propuls ion sys t em

prior to commitment to the entire class.

11. To provide a continual input into the PF test and evaluation.

METHODOLOGY :

In the  anal ysis I will evaluate the following alternatives:

1. FULL SCAI .L PF~flTOTYPI~~G — This a l t e r n a t i v e  consis ts  of us in c~ the

actual shipboard equipment which will make up the propulsion system.

2. PROPULSION SYSTEM SIMULATION — The propulsion system simulator

will pr ov ide a sophisticated class room training aid capable of reacting

in a manner similar to the actual propulsion system . The simulator w il l

con :;ist of t h r e & ~ re~ nonents : ( 1) the  s tuden t  c on t r o l  console , (2) t~’.e

instructor ’s control console , and (3) a computer which is programmed

to simulate the propulsion system . The instructor will activate an ab-

normal condition expected to occur at sea. The student will react to the

abnormal condition by taking corrective action at the student control

console. The computer  w i l l  process the data from both sources and

4



respond with the appropriate data which will be representative of the

propulsion system responses under similar conditions .

Figure 1—1 is a flow diagram which provides the general outline for

the evaluation. After the Technical Support , ILS , T&E , Schedule and

• Cost character is t ics  have been evaluated for  each al ternative the

• objectives will be reviewed to determine if they have been satisfied .

If it is found that all of the objectives have not been satisfied ,

consideration will be given to compromising some of the o~jectives . The

impact of any compromised objectives will be analyzed in full; but , in

no event will the primary objective of supporting a production decision

be rela xed. A l t e rna t ives  which sat isf y the ob jec t ives  wi l l  be sc reened

for cr~ er and will be included in the summary. I expect that  this

procedure will result in the identification of considerations which can

be applied for future DOD programs .

The primar’i constraints of this analysis are schedule and costs.

The costs constraints which are referenced in this analy’-ls are the costs

of full scale prototypi ng . The proto typing costs should result in the

largest expenditure and may be considered a maximum. The schedule is

constrained by the DSARC III date which requires light—off of the proto-

type operation by 23 December 1974.

The general orientation to the main ideas of this parer is not

intended to impute , in any way , the decis ions  which have been made during

the development of the Patrol  Fr iga te .  There should he no question that

looking back on decisions will surface many shortcomings. The purpose

of this writing is to analyze the decisions which were m’~de; to determine

if they stand t~ie test of investiga tion. Hopefully the results of the

5
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analysis will yield criteria which may assist future Program Managers

in dealing with the risk associated with technical uncertainty.
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Chapter II

REVIEW OF RELATED LITERATURE:

A constant expansion in the numbers of dollars required to support

the Department of Defense has been steadily growing since the end of

World War II .  This trend has persisted although in terms of real

purchasing power , the Fiscal Year 1974 spending for National Defense

represents the lowest level of more than 20 years and the manpower

level in DOD is less than any year since 1950(2). A major portion of

these co sts ca n be d irect ly a t t ributed to the acq ui sition of weapo n s

systems . A need to reduce DOD spending has been identif ied many t imes

by the Presiden t and other government officials as well as conce rned

citizens .

The need to maintain our position of strength in the world has not

diminished;  however , our capabi li t i e s  in re la t ion  to suppor t ing  an

adequate mi l i t a ry  organizat ion are under a t t a c k .  The enemy is one

which has bee n wit h  us from the beginning—-— m~~ey. Expanding technolo~y

provides the driving force which requires us to develop new and better

• weapons at an increased cost. The cost is not totally attributable to

the technological factors since inflation , poor business practices and

high development risks are also involved . The list is endless and the

point to be made is clear. We must make better use of the d1~~ nishing

number of dollars which will be available to us in the future . The DOD

has taken an initial step by developing plans which will minimize the

inefficiencies which currently exist in the f i e ld  of weapons procurement .

On 13 July , 1971 Deputy Secretary of Defense: David Packard , created

a major change in the DO!) management by Issuance of DODD 5000.18



“Acquisition of Major Defense Systems”. This Directive recognizes that

successful development , production and deployment of major defense systems

are dependent on people , priorities and clearly defined responsibility .

To this end, the policy invoked by this document results in making a

• single individual accountable for a major procurement . He shall have a

charter with sufficient authority to accomplish his program objects~

and sufficient tenure to accomplish his task. The layers of management

• between the program manager and his service head will be minimized.

If a program results in an expenditure in excess of 50 million

dollars for research and development , or is in excess of 200 million

dollars during production and is urgent to National  Security it will be

classified as a major acquisition program . The program will be separated

into four dist inct  phases which require approval by the Defense System

Acquisition Review Council (DSARC) before being permitted to proceed into

the next phase. The DSARC review process occurs at three decision point

milestones during the normal life cycle of the system development. These

are the transitional points between phases of the system acquisition :

• 1. DSARC I, occurs between the Conceptual and Validation phase.

2. DSARC II, occurs between the Validation and Full Scale

Development phase.

3. DSARC I I I , occurs between the Full Scale Development and

Produc t ion phase .

The life cycle phases for a normal weapon system development are:

Conce~ptual Phase: the objective of this phase is to define and

select the system concept which warrants development.

9



Validation Phase: the objective of this phase is to va .idate the

choice of alternatives and to provide a basis for determining whether or

not to proceed into full scale development.

Full Scale Development: The objective of this phase is to provide

• a hardware model and the documentai ion needed to produce the system .

Production Phase: The objective of this phase is to produce the

system for operational use.

Before a project can successfully pass the three DSARC decisions, it

must: be well defined , be capable of being logistically supported , have

minimized the technical uncertainty and have been properly tested . As

stated in DODD 5000.3 “Test and Evaluation’ :

“The long design, engineering , and construction period of a
major ship will normally perciude completion of the lead ship and
accomplishment of test therefore prior to the decision to proceed
with follow ships. In lieu thereof , successive phases of Develop-
ment Test and Evaluation (DT~R) and Operational Test and Evaluation
(OT&E) will be accomp lished as early as practicable at test instal-
lations and on the lead shi p so as to rap idl y reduce risks and
thereby minimize the need for modification to follow ships”

This Directive goes on to say:

“For new ship types incorporating major technical achievements
• not earlier proven in hull or non—nuclear propulsion design , a

prototype incorporating these advancements will be employed . If
the major technolog ical advancements are contemplated in only some
features of the hull or non—nuclear design , the test installation
need Incorporate on l’i the applicable new features . Adequate
test and evaluation on such prototypes will be completed prior to
the first najor production decision on follow ships ’

The Patrol Frigate propulsion system falls into this classification.

In order to satisfy the requirementa of this Directive and 5000.1, the

Program Manager has determined that the propulsion system for this ship

should be prototyped at a Land Based Test Site (LBTS). Since it is far

too difficult and expensive to exactly duplicate the engine spaces of the

10



s~Up, a considerable degree of license has been taken in the development

of this facility. The intent of the Test and Evaluation Directive will

be satisfied by this site; however, it will not be possible to validate

all of the actual maintenance procedures due to the dissimilarity in the

physical constraints between the ship and the test site.

The Department of Defense approach to systems acquisition has as a

primary motive the reduction of costs. The thesis of this paper is that

a careful look at systems which are intended to be prototyped be con-

sidered . In many insta~ces when a prototype is developed, the technical

risk is reduced ; however, when these units go into production the same

types of problems occur desp ite the prototype effort. This suggests

that perhaps the technical uncertainty can be reduced in another manner

which is less costly but equally effective. If successful this paper

will identify criteria which can be app lied during the Validation and

Full Scale Development phases of a prc~ ram that will help analyze the

costly decision to enter into a prototyp ing effort.

— 11
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Chapter III

DATA COLLECTION AND ANALYSIS:

As previously mentioned the model for this analysis will be the

Propulsion System Land Based Test Site for the Patrol Frigate which will

• be located in Philadelphia, Pennsylvania. The participants for the

• design, construction and operation of the LBTS are presented here

primarily to identify their contributions and the sources used to

gather data. In terms of the analysis it is only necessary to indicate

the need for the participants their identity Is of little importance.

Project Office — The primary agent responsible for
ensuring that the design , construction , and operation
of the test facility takes place within the approved
budget and on schedule.

Naval Sh ip Eng~neering Center (NAVSEC) — This is the
Navy ’s primary cechnical support organization . They
establish the Navy position in areas which require
resolution on the basis of technical soundness. The
fina l decision for th ~ p r o i c c t  in r e l a ti on  to the
technical uncertainty re~ :.ir~s vith the ~rojcct Off ice.

Naval Ship  Eng ineer ing Cen te r  P h i l a d e l p h i a  Division
(NAVS~iT~~I L A D I V )  — The i h i l a d e i p h i  a I ) i v i  sj ( fl S a
l abora to ry  o per a ti o n  devo ted  to the  r e c o l u t i on  of
technical problems encountered in the fleet. They are

• hardware people with extensive experience in the test
and evaluation areas. This organization is the P0’s
agent and custodian of the LBTS which is currently being
erected at Philadelphia and is scheduled for light—off
in December of 1974.

Bath Iron Wcr I- s (81W) — BIW is the prime contractor to
the ~avv for th e ror~struction of the Pitrol Fr1~’ate
Lead Ship and the Propulsion System and Combat System
LBTS. In terms of the PSILBTS they are providing the
main elements of the propulsion system through the
efforts of their sub—contractors which are listed below
for reference.

Gibbs and Cox (C&C) — Bath Iron Works principle
design ag :nts.

12



General Electric, Evondale (CE,E) — Gas Turbine engines
and acoustic module .

Western Gear (WG) — Main reduction gear, clutches and
brakes.

Bird—Johnson and Co. (BJCO) — Controllable Reversible
Pitch (CRP) propeller and main shafting.

General Electric, Apollo (GE,A) — Main Control Console
(MCC) and Local Operating Panel (LOP)

The Propulsion System Land Based Test Site will consist of the

following equipment:

Main Propulsion Units — Two GE , LM 2500 Gas Turbine engines

Main reduction gear — One reduction gear complete with high

speed clutches and brakes.

Shafting and propeller — One CRP and shaft complete with

the necessary hydraulics.

* : Waterbrake — One waterbrake energy absorber capable of

abso r bing 50 ,000 horse -power  of energy .

Control  system — One control  sy st e r ~ which w i l l  cons i st  of

the Operators Panel , Local Operators Panel, and Bridge Control Console.

Intake and exhaust ducts — A complete sys tem which simulates the

actual ducting configuration intended for the ship .

Al l ot h er ne ce ssa r y suppor t  system’~ needed to operate the

faci l i t y .  (examp les a re Fuel Oil System , Fue l T rans f e r  System , Lube Oi l

System , etc.)

* The Waterbrake is not intended for shipboard installation;

but , is required to absorb the energy being developed by

the main propulsion units when in operation.

13



Figure 111—I is an illustration of the PS LBTS. The equipment not

being provided by BIW or their sub—contractors will be purchased by

NAVSECPHILADIV. This includes all of the support equipment not previously

mentioned.

• The primary ebju~tive of the PS/LBTS for the PF is to provide the

necessary support needed for the production decision. The PF DSARC III

date, as of this writing , is scheduled for May 1975. Since the needed

support information will be available for this review , it will be

necessary to operate the system for some period of time prior to DSARC III

and early enough to reduce the data which will be the input for the

DSARC. A target of 500 hours of engine operation has been established

which will require the system to light—off no later than December 1974.

After May 1975 the plant will continue to operate in support of the

stated secondary objectives. The May 1975 milestone date for the PS/LBTS

is one ~f the most critical issues for a successful DSARC III. The

second most critical issue is as always.. .cost.

The in form at ion  for  this analysis  comes mainly from conversations

• with the principles and the “PF Propulsion System Land Based Test Site

Management Plan ”~~-~~. The approach to the analysis will begin with the

establishment of an indenture level concept similar to a Work Breakdown

Structure . The equipment being tested for the purposes of reducing the

technical risk and the elements being considered for this analysis will

form a matrix as shown on Figure 111—2 . The numbers that appear at the

intersections of this matrix are descriptive of the alternatives under

investigation. Squares which do not consider all of the alternatives

represent shortcomings , in relacion to the objectives.

14
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The costs which are shown for the model are total costs for the

PS/LBTS. They have been rounded off and represent an order of magnitude

rather than an actual budgeted cost. A basic assumption is that the

prototype costs will exceed the cost for the simulator. The costs for

alternatives also represent an order of magnitude and are the results of

an educated guess.

- 17



Chapter IV

F~JLL SCALE PROPULSION SYSTEM PROTOTYPING :

Technical Support

The design of the facility by Gibbs and Cox, Inc. (G&C), a

• design subcontractor to Bath Iron Works, was accomplished in two phases.

A site survey and inspection was conducted to determine preliminary

machinery arrangement , equipment lists , sa fe ty  program , duct design

arrangement and the waterbrake load control system for phase I. Phase

II will consist of the remaining design work required to complete the

facility. The scope of the work to be completed by G&C during phase II

consists of the following:

— Design drawings

— Component handling

— Ins ta l la t ion  and alignment instruct ions

— Component and system checkout

— Initial start up procedures

— Propulsion vibration studies

— Safety program

— Technical specifications for auxiliary equipr~ent

Bath Iron Works (BIW) has the responsibility of procuring the

major propul~ ion system components including spares for 90 days of

operation and delivering them to NAVSECPHILADIV in accordance with the

term s and space conditions of the Ship Sys tem Design (SSD) support

contract .  B1~Q and their subcontractors will also provide in s t a l l a t i o n

in ter face  information and procedures in addition to the engineering

servi ce s I nd i ca t ed  i n Figure IV—l . The responsibility for supplying

-• 18
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the remainder of the auxiliary equipment belongs to NAVSF.CPHILADIV.

The f ac i l i t y  construc t ion wi l l  be handled by NAVSF.CPHILADIV

working through the Naval Regional Procurement Office (NRPO) and the

Shipyard Public Works organization. They will see to it that the site

is cleared and upon receipt of approved design drawings from BIW/C&C

will determine the best method for having the system constructed and

installed.  A determination will  be made at that  time in re la t ion to

doing the work in house or contracting the task to an outside agent.

The installation and assembly techniques are to duplicate the

approach to be used by the shipyard (BIW) during erection of the lead

ship to the extent practical. MW is to prov ide  s p e c i f i c  w r i t t c n

assembly instructions and alignment instructions. They are also

expected to provide detailed handling instructions for each ship board

component encompassing all movement of the equipment from the time of

i t s  a r r i v a l  t h r~’u~~i s t o r a g e  and f i n a l  i r i st • i l la t i o n .  Fol 1 :~ing  t~ ;e

installation of each completed system and upon comple t ion  of the  en t i r e

f a c i l i t y  the sy sterr i  sha l l  undergo a checkout  procedure  developed by

• B IW/G & C.

In tegra ted  Logist ics Support  (IL S)

~~j ptenance P lanning  - The main tenance  p la nning which has been

do ne fo r  P S/LBTS en n s i st s  p r i m a r i l y  of the  p l ann ing  necessary to provide

logist ics support  fo r  3000 hours of test opera t ion . There is a strong

possibility tha t the LRTS will function as a training hot plant beyond

the 3000 hours of operation; however , this is not fu nded u nde r t h e PF

appropriation.
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Support and Test l-~ ui pment — Wit h the  except ion  of the

Waterbrake which is necessary to absorb the power developed by the ships

engines, all support equipment currently exists within the laboratory

or is readily available. No special test and support equipment is

anticipated for this testing effort.

Supply Support — Under the SSD contract BIW is required to

• provide spare parts  for  90 days of operation . Beyond this initial 90

• day pe riod NAVSECPH ILAJ~IV wi l l provide all spares needed for 3000 hours

of t e s t .  A list of recommended spare par ts  is provided with each major

piece of equip men t sh or t ly a f t~ r it is ordered . The Government will

review th i s  l i s t  and order those pa r t s  w h i r h , on the bas is  of good

engin ee r in g j udgement , tempe red wi th  the manufacturer ’s recommendations ,

are necessary for successful completion of the test period. In the event

the inventory becomes depleted , additional spares will be ordered on the

basis cf hcw ~-uch tine r~~ia ins in the test schedule 21rd thc- frequency

with which  the fal le : !  or wor n par t  r equ i res  r e p l a c e m e n t .  R ecord s  w i l l

be kept by ~.AVSECPi!1L-~DIV of the kinds and amounts of spare parts used

to main ta in  the major system components , controls and selected auxiliary

equ ipments. This information will be used in determining the logistic

requirements for the Patrol Frigate shi ps.

T r an sp o r t a t i o n  and Pindli n c ’ - As p r e v i o u s l y  m e n t i o n e d  MW is

responsible for determining the transportation and hur dling instructions

which will describe how the equipment is to be handled pr ior  to instal-

lation . The equi pment procured by MW will be transported In a manr~er

compatible ~ Lth their contracts. Similarly NAVSECPIULAr)IV w i l l  arr-1n~;e

for all transportation and Lu~:~d l ir .g of the  equi pment for whi ch the~ are

- 21



responsible.

Technical Data — The technical data , instructions , repair

manuals and other documentation necessary to operate and maintain the

shipboard equipment will be provided to NAVSECPHILADIV by BIW.

• NAVSECPHILADIV will arrange whatever documentation is necessary to

support the equipment they provide. Installation procedures , checkout

procedures, system operation procedures, and all other documentation

required under the contract between BIW their subs and the Navy, (that

is relative to the PS/LBTS) will be provided to NAVSFCPHILADIV .

Facilities — As previously mentioned the facilities are

provided by ~AV SFCP 1!ILADIV. These f a ci li t i e s  inc lude  oil storage tanks

necessary to store the fuel used during the testing as well as all

utilities , services, buildings , material handling equipment and office

space.

Personnel ‘nd T r a l n in o .  — The p l a n  is to have an i n i t i a l  cadre

of Naval personnel at the LBTS for training purposes throughout the

te stir .g period . Hands on opera t ion  is encouraged; however , the prime

• in ten t ion  is to a t t e s t  to the systems performance. Upon completion of

the 3000 hours of the propulsion system testing , the LBTS facility will

be u t i l i z e d  to provide training for f u t u r e  crew members. In conjunction

w i t h  the Chie f  of N a v a l  T r a i n i n c ~ (CN T) , ~AV~iTCPI1ILA DIV w i l l  develop a

course curriculum and will conduct the PF and USN training program.

~~gI st ic  Support Resource Funds — The resources needed for ILS

are included in NAVSECPHILADIV budget. The funds required to support

the t raining effort for the LBTS are not included in the PF full scale

development phase.
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Lqgistics Support Manigement Information System — The information

system for the LBTS is primarily an informal e f f o r t .  Monthly and

quar te rl y s i tuat ion repor ts ar e developed and sen t to the p rog r am office

for review. A monthly meeting is conducted at Philadelphia to assess

the latest progress and p rov ide guidance to the participants.

NAVSECPHILADIV maintains a library of data associated with the LBTS . BIW

will establish a configuration control baseline of the propulsion system

in accordance with the SSD support contract. An RNA assessment and

failure analysis of the overall propulsion system will be made by

NAVSECPHILADIV for comparison with BIW analysis which is provided for

under the SSD contract.

Test and Evaluation

The overall operation and maintenance of the LBTS is the

responsibility of NAVSECPHILADIV. Plant operations and maintenance

wil l  be conducted by N avai P ersonnel.  ~chen a p p r o p r iat e .  The tes t  p l a n

and agenda wil l  be developed by the l abora to ry  w i t h  component  tes t

p rocedures  developed by MW . An i n i t i a l  pe r fo rmance  v e r i f i c a t i o n  tes t

• wi ll be conducted for  approximately 500 hours to establ ish the per formance

baseline . This phase of the test will also act as a demonstration for

DSARC to support the follow on ship program.

The remaining 2500 hours of testing will attest to the

system capability to make speed , power , and maneuvering. Together with

the initial 500 hours of testing , the plant will have been operated for

a total of 3000 hours.

23



Following the 3000 hours of test ing a f inal  ver i f ica t ion

test will be conducted to determine what deviation from the original

performance has taken place , if any . The data will also be used to

predict fu tu re  performance loss for comparison against the maintenance

• and logistics plan for the ships. All operational difficulties and

equi pment fa i lures  will be ful ly  documented and submitted to NAVSHI~ S

for required action.

If an equipment failure occurs on materials provided by

BIW, they will prepare an analysis of the failure and determine corrective

action will be demonstrated by further tests. A similar procedure will

be followed for m a i n t a i n a b i l i t y  dem ons t ra t ions . If changes are proposed

for the shipboard propulsion system , these changes will be incorporated

in the PS/LBTS and verified prior to being commi t ted  to the entire class.

Schedule

In order to log 500 hours of operat ing time on the

propulsion plant , it has been determined that 6 months of operation

will be required . The 500 hours of operation was a goal to be accon—

• p u s hed prior  to DSARC III; however , if the laboratory ’s experience of

6 months is an accurate estimate of time required for 500 hours of

operation , something less than that will be logged when DSARC convenes.

This limitation has been recognized by OPTEVFOR , and a tentative agree-

ment with then has been reached for purposes of validating the plant

sufficiently for DSARC. The overall schedule for the PS/LETS is

identified in Figure IV—2.

Costs -

The total cost estimate for the PS/LETS is 16 million

— 24



SCHEDULE

COMPLETE PHASE I DESIGN JUNE 73
• COMPLETE PHASE II DESIGN p~~ 74

BEGflI FA~ UC~ TION OF PS P~~ 74
• COMPLETE FACILITI~ 3 :.:OD. OCT 74

COMPLETE P( INSTALLATION NOV 74
COMPLETE CHESK OUT DFX~ 74
IJ (iljVT*~~pp JAN 75
DSARC III MAY 75
RELIABILITY T L~ZTING SEP 76

FIGURE IV—2
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dollars. This figure represents an order of magnitude and is for

purposes of description rather than an accurate estimate of the expected

cost.
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Chapter V -

SIMULATOR

Technical Support

The propulsion system simulator would consist of three major

• components. The student console will represent the ships operat ing

console to the extent possible. From this component the s tudent  will

manipulate the controls and instruments to the same degree he would

• aboard ship. The controls will dup licate the controls of the propulsion

plant ; however , rather than activating the actual hardware they will

become input to a computer . An instructors console will also be provided

which has the capability of interrupting the  s tudents  console by causing

casualties similar to those result ing from a mal func t ion ing  propulsion

plant. The instructors console will also become input to the computer .

The computer or data processing center will receive the two signals and

provide its signal to the student wfth information to the instructor.

When the student takes corrective action the results of the action will

be reported via the computer to the instructor.

The design of the simulator system should be accomplished b y

the same con t rac to r t hat is responsible for the propulsion system.

Therefore BIW ’s contract would require their controls contractor to

perform this func t ion , in th is  case General E lec t r i c  Apo llo. B IW /GE

would completely in tegra te  the s imulator and provide it to the government

agent for ins ta l la t ion  and testing. A liaison between C&C and GE would

be required since the configuration of the students console should

closely represent the actual shipboard equipment to the extent that

maintenance could be performed .
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Facilities for the simulator could be located in a number of

places; however , for comparison purposes and for purposes of establishing

an expertise within the Navy for the PF propulsion system control console

NAVSECPHILADIV will be selected . Accordingly Phily. will provide the site,

• o f f i ce  space,- utilities , test plan, installation , construction and all

other services necessary for the operation of the simtdator. The instal-

lation and assembly techniques are of minor importance; however , valuable

information relative to the check out procedures and quality control of

the shipboard console are certainly pertinent.

The suggested durat ion of the simulator operation for purposes

of supportinc~ a production decision for  follow ships is somewhat

arbitrary . As a suggestion sufficient time to attest to the first crew

training should be adequate for DSARC III. In this regard since the

start date for the prototype approach was June 1973 and DSARC III is

May 1975 a maximum target time of 23 months seems reasonable.

Integrated Logistic Support (ILS)

Maintenance Planning — The maintenance planning should be

• provided for  a minimum of 7 months. The possibility exists that this

simulator and perhaps others can be used to train future PF crews ;

however , for  purposes of th i s  analysis t ra ining beyond a favorable

DSARC I II  dec is io n is excluded .

Support and Test Equipment — No special test and support

equipment is anticipated for support of the simulator. Any special

equi pment needed for the non shipboard equipment (i.e. instructors

console and computer )  wi l l  be provided by the  laboratory .
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Supply Support — Under a contract similar to the SSD contract ,

BIW would provide all parts for 90 days of operation . Beyond this

period NAVSECPHILADIV would provide replacement parts. The laboratory

will, keep records relative to the shipboard console in a manner similar

to what ‘is being done for the prototype approach.

Transportation and Handling — MW will provide handling

• instructions prior to installation and is responsible for transportation

to the site. The laboratory will see to it that the simulator is moved

to the final location and it is accountable after delivery to the site.

Technical Data — Technical data , instructions , repair manuals ,

and other documentation necessary to operate and maintain the simulator

equipment will be made available to NAVSECPHILADIV by BIW. NAVSECPHILADIV

will arrange to provide whatever documentation is necessary to support

the equipment they provide. Installation procedures , check cut proce-

dures , operation procedures and all documentation required under the

contract between BIW their subs and the Navy will be made available.

Facilities — ~AVSECPHILADIV will provide the facili t ie for

the simulator including any special electrical power requirements and

laboratory space.

Personnel and Training - Naval personnel will be provided to

the laboratory to observe the lab, technicians during the initial check—

out procedure. Subsequent to this checkout the student sailors ~.‘i ll gain

hands—on experience under the direction and supervision of laboratory

instructors. NAVSECPHTI.\DIV will develop a course outline and will

conduct the PF and USN training program.
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Logistics Support Resources runds — The resources needed for

ILS will be included in the NAVSECPHILADIV budget. The funds required

to support the training effort for the simulator are not included in the

PF full scale development phase.

• Logistic Support Management Information System — The information

system for the development of the simulator is primarily an informal

effort. Quarterly situation reports are to be developed and sent to

the program office for review. Design reviews will be conducted at the

subcontractors plant at designated times during the simulator design.

Test and Evaluation

The overall operation and maintenance of the simulator is the

responsibility of NAVSECPHILADIV . The test plan and agenda will be

developed by the laboratory and the simulator operating procedures will

be developed by MW. The simulator will be comp letely checked out in

every de t i ~il b y the  l abo ra to ry  p r i o r  to be ing  made avai l~~b le  to the

sai lo rs for  opera t ional  exper ience.  Opera t ional  difficult ies will be

reported to ~:AV S 1iIPS w i t h  a summary i n d i cat i n g  if the  prob lem r e l a t e s  to

the propulsion system integrat ion aboard ship.

If a failure occurs on the simulator , BIW will prepare an analysis

of the failure and determine the corrective action to be taken. Verifi-

cation of t b e  corrective action wi]l he demonstrated by further tests.

Changes which  are proposed for the shipboard console will first be

verified on the simulator prior to being incorporated on the ship

console .
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Schedule

The simulator schedule will be developed around the time frame

established for the full scale prototype. Further identification of

milestones is unnecessary for purposes of this study.

Costs,

The total estimated cost for one simulator is three million dollars.

This figure represents an order of magnitude and is developed exclusively

by the author.
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Chapter  VI

ANALYSIS

Having described the two alternatives in Chapter IV and V, this

Chapter will analyze these alternatives comparing them to the objectives

for the PS/LBTS to determine if they have been satisfied. If the

alternative fails to satisfy the objective, the objective will be reviewed

to determine the impact. The degree that each alternative satisfies the

• schedule will also be considered and will be followed by a decision

analysis . The purpose of the decision analysis is to suggest a method

for determining the extra cost associated with the full scale prototype.

This analysis topether with the differences between the alternat ives in

relation to their capability of meeting the objectives will provide

insight into the cost of this additional information.

Pritna~ y Obj~’cti~~~s — The prir~irv objec tive is to support a productic a

dec i s ion  f er t h e  pr epul si on ~v~~te~ in the folin~: on sh i ps of the PF

class. The prot otvp ing apprc~ach vi~~l provid e the createst confidence

that the propulsion system will functi~~n as intended . The engines

have been tested by the vendor and Litton Industries who are installing

then on the Spruance Class des t royers  (DO 963) .  L i t t o n  is also p r o v i d i n g

a Land Based Test Site to attest to the claimed performance of the CE

en~ 1n&-s and the!r reliabilit y . The Litton site is similar In confi~’iiriticn

to the PF site however the Litton equipment is comm itted to the last ship

of the class. The DO 963 plant will includ the same engines; however ,

the reduction gear and control . are different from ~he PF system. The

engines (i.e. CE LM 2500) have also been operated at sea on the USS

AT)M Callag han with a total operat .ng t ime of aJ~~r~ x it~atcl y 2500 1-ours.
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The PF r e d u c t i o n  gea r is peculiar to the PF as is the control

system . PF will also have a CR? propeller hub and dummy blades on the

end of the shaft for purposes of demonstrating p itch change. The

reduction gear is a new lightweight design with synchronized clutches.

• The Navy has been providing reduction gears in ships for many years and

no unusual problems are expected to develop here. There will be a few

dis t inct ive fea tu res  such as the spec i a l i z ed  t e m p e r a t u r e  sensnrs in the

bearings and the special gear case security and clutchin g sYstems;

however , all of these features have been to sea at r-~ne time or another

and little difficulty is expected .

The shafting and propeller hub is a departure from norma l practice

since the shaft is hollow and incorporates hydraulic lines which are

capable of manipulating the controllable pitch propeller. This system is

currently being installed on another Navy destroyer and viii be tested

at sea. The PS/LF13 will verify :~cm inal hydrau lic pre:e; ire fiu ctuat ~ nrs

hut in a unloaded condition . The d umm y blades will be capable of

ch anging p i t c h  as the shaft rotat~~ and this  will be der- m~ trated ~t t he

• LBTS.

The con trol system is the heart of the entire plant and features

the same equipneot which will be used on heard the shi p. This w i l l  also

be a t r u e  t e st  of th e  p r o~ ’i l s i o n  sv et  e:’; and , the ‘~riniar ’.’ c ntri h u~ ~~n

of the PS/LBTS in supporting tb~ follow on shi p p r o d u c t i o n  d e c i s i o n .

The fuel system , lub system , and other auxiliaries will not use the

same equipr ent as Is intended for the ship since the LBTS will begin

construction before the auxili aries are designed . The duc t  design w i l l

have t1~ e ~
; ,ce c o n f i g u r a t i o n  as t i L t ’  ch i p ,  i e ’ ~• t v e i , it w i l l  he ~;era u -hat
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shorter due to the limited height of the building . This is not expected

to have any s i g n i f i c a n t  e f f e c t  on the engine  performance.

Since the simulator consists mainly of the propulsion system control

system , we would not be able to verif y the desIgn of the engines ,

gear , propeller , ducting, auxiLiaries and other systems . Each of the

systems will be tested at the factory prior to being delivered to the

Lead Ship, or in some cases , will have already been tested at sea. The

control system is unique and can be considered a significant risk area.

The question centers around whether or not a simulator of the control

system will adequately relax the technical uncertainty associated w i t h

the equipment. One of the more obvious advantages to the simulator is ,

casualties can be programmed by the instructor very easily , without

running the risk of damag ing a 16 million dollar plant . Ano ther

advantage is that down time on a simulator would not interfere with a

reliabilit -- test which could be v e ry  c o s t l y .  Also sa i lor  o p e r at i o n  cam

be pract iced to the ex ten t  of becoming a r e f l ex  act ion wi thou t  having

to operate the total p l a n t .  This is par t 1cu~~ar l y i m p o r t a n t  in today ’ s

• environment of high fuel costs and the potential air pollution . Finally

once the simulator approach is proven other simulators can be produced

at a lower cost to train crews all over the country.

If asked the init ial ques tion , will a simulator support a production

decision for follow on ships , I would have to answer , yes. The major

risk area of the PF propulsion system is not the power plant but the

control system . The engines and propeller either have been or will be

sent to sea for testing which is by far a more severe test than the LBTS

will provide. The engines are also undergo iuc~ extensive testing f o r
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the DD 963 class ships. The auxiliary equipment is not the same as will

be installed on the ship and the ductwork has been previously modeled to

describe the expected flow patterns.

Secor.dar~ Objectives 
— Of the eleven objectives described on page 3

the total system prototype will satisfy most of them . In terms of

the simulator most of the objectives are satisfied when they relate to

the control consoles. I will evaluate the al ternatives of each of these

obj ectives in the paragraphs that follow; the numbers represent the

objectives identified on page 3
1. The propulsion system design is most completely verified with

the system which will be built at Phi l ade lph ia  ( i . e .  the  p r o t ot -p e ) .

Thi s app roach will not tot a lly satisf y the objec t ive  in that the fuel oil

transfer system , fuel oil ser’~’ice system , and lube oil system are to be

provided on the bsis of equi pment which is available to meet the schedule.

The LBTS design precedes the. lead shi p desipa by ~~ roxi’-’ately one year

and the equ ipment for these systems have a lead tire in excess of one

year. They were not identified as long lead items until too late. The

simulator can only provide information relative to the control console

design which is of paramount importance but very limited in terms of the

propuls ion system t o t a l  p l a n t .

2 .  The v e r i f i c a t i o n  of initial component c1~ech out  and t es t

procedures for the drive train and ~he controls is possible with the

prototype. Much of the drive train consists of equipment which is

corm~on to all propulsion systeris. The engine check out and test

procedures are available from other testing efforts , and the control

console will be available for chec ’
~ ~ut  in the simulator alternative.
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3. Verification of installation procedures can be accomplished

only on a very selective basis. The total prototype system is more able

to accomp lish this ob jec t ive  than the simulator approach;  however , in

each case only a limited amount of information will be available. The

informat ion which will be avai lable is more related to the technique used

for alignment of the drive train : however , this may not be characteristic

of the ship installation due to the restricted space normally available

within a ship ’s engine room.

4. It is conceivable that the prototype can be used as a configura-

tion control baseline for the ships. If this is pursued , the l ikel ihood

of determining system reliability must be compromised since it w i l l

result in an interruption of the test. Only configuration control of the

control console is possible wi th the simulator approach; however , this

change control is unlikely to interfere with the other - econdary

o b j e c t i ve s  since they  are be i m .~ v e r i f i ed  by other testinp p rc  ‘r a m s .

5. The evaluation of selected maintenance procedures is another

highly se lec t ive  objective. Since the LI -IS is not spacially the same

• environment as the ship, the value of the information gained is

questionable. Engine maintenance can be verified; however , we can

obta in  th i s  In f o r m a t i o n  f r c n  the Li tton test since the enctines are

identical and t h e  acoustic rh - i m 1 e r s  t h e ’ - r e s t  in  ar e  ‘-‘cry s im i l a r .  I t

woul d be des i rab le  to verif y the maintenance procedures on the reduction

gear and th i s  wil l  not be possible with the simulator. In terms of the

control sys tem whatever  can be accomp l i shed  on the  p ro to type  can also

be accomp lished on the simulator.

- - 
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6. Logistic support can be ver i f ied  to a large extent using the

prototype and this is almost comp letely absen t in the simulator approach.

ItS will be provided on the propulsion system control console using the

simulator.

7. The adequacy of the propulsion controls can be almost comp letely

satisf ied by both a l te rna t ives .  The prototyp e does have a d i s t inc t

advan tage in t hat it interfaces with the actual hardware.

8. Machine monitoring information cannot be determined with the

simu lator . On the shi p the cont rol console wil l  he manned at  a l l  t i m e s .

The drive t r a in  is not monitored on a ship which is constrained by

crew size , it is very important to determine the level of machinery

monitoring necessary. Some information will be available from other

testing (i.e. DD 963, USS Callighan); however , it may not be re la t ive

to the PF.

9. The ope ra t ing  procedures for  a n orm al  m e I e  of op e r a t i o n  is mere

accuratel y de termined wi th  the p r o t o t y p e .  The p r o c e d u r e s  fo r  a c a su a l t y

mode are more accurately determined by a simulator. Potenti al pro hiems

with the prototype due to operator errors could be very costly and

possibly defeat the LBTS primary objective.

10. Evaluat ions  of p r opu lsion cha n ges to shi pboard systems prior

to c o m m i t m e n t  to the  cet i r e  c lass  can he a c c o m n i f  shed f o r  the pretot - p c

system more completel y than the simulator alternative .

11. The prototyp e system wil l  provide a cont inual  input  to the PF

test and eva lua t ion ; however , once the lead ship has been to sea the

ship  i t s e l f  wi l l  serve as a be t t e r  s tandard . The LBTS may serve as a

test stand to resolve problems but only  i f  it is r ep re sen t at ive  of the
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ships propulsion. The test agent (NAVSECPHILADIV) must be funded to

maintain a current baseline.

Comparison of the Objectives :

To a large extent the objectives are met wi th  each a l ternat ive

in varying degrees. The full scale prototype approach will meet most of

the objectives as expected . The simulator will meet the objectives

related to the control system , which is perhaps the highest technogolical

risk area . In order to determine the significance of these statements,a

closer look at the oblectives is necessary .

Certainly the primary objective is of paramount importance since

fai lure  to support a production decision would e f f e c t i v e l y  hal t  f u r the r

consideration of Gas Turbine engines as the means to propell the PF.

Testing in terms of the PF eng ines is currently underway,  reduction gears

ha ve been s u c c e s s f u l l y  b u i l t  on every ship in the U . S .  Na vy ,  and the CRP

is a lso cur ren t ly  undergoing tests  at sea.  The au: -: il iar; - - s y s te m s  are

not beinc ’ modeled  w i t h  the  equi p m e n t  to be used aboa rd ship so we can

only attest to their functional operation. These systems are also

• co~~on to all !‘avy ships with the possible exception of nuclear vessels.

The primary departure in relation to the PF is in the area of the control

system. The technical uncertainty can be relaxed in this area with either

alternative; however , the protorvee is more characteristic of the actual

propulsion system. Given that each alternative can be used to satisfy

the primary objective; what alternative should be selected? Wh at is the

cost of t h i s  in fo rma tion  and to what ex ten t is the technical uncertainty

relaxed ? The cost and schedule issue will  be addressed in a decision

ana lys i s  a f t e r  the secondary objectives have been discussed .
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In order to deal more thoroughly with the secondary objectives, I

have categorized them into three main subdivisions.

1. Objectives Satisfied by Prototype

2. Objectives Satisfied by Either Alternative

3. Objectives Satisfied Partially by the Simulator

It should be apparent that neither of these classifications are all

inclusive ; however , there is merit in approaching the discussion from

this view. Figure VI—l is a matrix which identifies the objectives

and how they relate to the major subdivisions. The objectives are

described on page 3

1. The full scale prototype as described for the PF , PS/LETS is

best able to ver i fy  the basic design of the propulsion plant; however ,

the verification is primarily one of determining that the physical

in te r faces  have been resolved.  I n s t a l l a t i on  procedures  are p a r t i a l l y

verified but procedures which the shipyard will use to install the

equipm ent  wi l l  va ry ,  based upon the f a c i l i t i e s  which are available at

the yard doing the construction. Some useful alignment information may

be fo r t h com in g; bu t , this means little in relation to the alignment

within the bowels of the ship which more accurately describes the

problem of the shi pbuilder , it is certainly desirable to have hardware

whi ch can be used as a c o n f I c ~u r a t i o n con t ro l  base l ine ;  however , t h i s  ca n

only have a de t r imen ta l  e f f ec t  on reliability testing and operational

t ra ining.  Objective number 10 alludes to proposed changes of the

shipboard propulsion system which is perhaps a restatement of configura-

t ion control  ( i . e .  evaluate  propose d changes before  commitment to the

entire class). Finall y in relation to the continual Input into the PI
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test and evaluation , I would suggest that  the lead ship and follow ships

provide a better basis for test and evaluation.

2. The adequacy of the propulsion controls can better be determined

with the prototyp e system in relation to the system response time ;

however, beyond this the advantages of the simulator become more desirable .

Consider the cost and schedule risk associated with an operating error in

judgement of the prototype system. The ease with which the operating

procedures for both normal and casualty modes can be verified on the

simulator have the advantage of permitting rapid crew training with a

minimal down time. Once the simulator has been developed others can

be (inexpensively) b u i l t,  to permit  b a c k f i t t i n g  improvements  w i t h o u t

interfering with the crew training.

3. Component and check out procedures can be verified with the

prototype system , however , th i s  type of inf ormat ion is also ava i l able

to a limited extent from the Litton plant and the USS Cal laghan .

Mai ntenance procedures and logis t ic  suppor t  requi rements  are also

available from the tests in varying degrees. The validity of mainten ance

• procedures is limited since the LBTS does not duplicate the tight work

spaces which are charac teristic of destroyer type ships. Informa tion

relative to the level of machine monitoring can be provided from the

Litton Co::.pany and at sea trials which  are underway.  F i n a l l y  th is

information which is extracted from other sources in conjunction with a

simulator will attest to all but the reduction gear validation .

The question of schedule often drives costs and judgement. In the

case of the prototype current informat ion i n d i c a t e s  considerable

schedule risk is associated with the LETS if it is to be used as the
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primary basis for a favorable DSAR C III decision relative to the

propulsion system . Difficulties have been experienced with getting under

contract early enough to order forgings , shafting , controls and other

equipment. The schedule risk is relaxed considerably with the simulator

alternative ; since the numbers of equipment are less, and the degree to

which we must precede the lead ship design to develop the LBTS, which is

characteristic of the plant to be used on the ship is relaxed . The

simulator offers a much better opportunity of meeting the scheduled

DSAR C III date.

The decision tree in Figure VI-1 represents the major events which

are likely to result in fulfillfn~ the primary objective of supporting

a decision at DSARC III for the PF propulsion system . The secondary

objectives have been added to the prototype alternative since most of

them may he achieved during the first 500 hours of test operation . There

is only one objective for the simulator alternative; that of s un p o r t i r .~

the production d~ cision . I will not attemp t to quantize this analysis

since this would require develop ine estimates of the simulator which are

unavailable. The major point to be made here is, if the program were to

be marketed on the basis of developing a prototype; the likelihood of

success is much reduced when compared to the simulator. This will be

particularly true if the marketing of this approach included a promise

to attain the secondary objectives as well. The simulator alternative

makes no such claim. It is based upon reducing the technological

uncertainty with the propulsion console and using current testing to

sa t i s fy  the other  objectives.
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Chapter VII

CONCLUSIONS AND SUMMARY:

Overview — In retrospect the validity of entering into full scale

prototyp ing for the propulsion system centers around the need for testing

in order to relax any technical uncertainty which may be inherent in a

system. The need for testing is normally recognized ; however , it is

sometimes difficult to determine how n~~ch tescing is adequate. As an

example , we must be in a position to determine , with some ‘~egree of

accuracy, how much testin’ is needed to obtain the desired system relia-

bility. This jud gement needs to be tempered with the recognition that

designed—in r ia~ i1it y, labora ry rci1alil iL-~. it~ J operational relia-

bility normally result in three separate sets of figures .

Programs which are sold during the various tSARC milestones c~n the

basis of a pro t~~tvpe systcr’ which may have a high schedule risk ~tan~ a

geod likcl ihoo-J of 2verall p r o g r a m  sl i ps . The di ffi cu lt . wh i c h  e x i s t 3

in obt .-iini~a’ equ i pr -~ nt  wh en  i t  is nec~ed ~or he - 

~~ro tyN- hefor~ t~ e

system has been totall y d~-:;igned are oft~ n far r 1-ki er than e n t e r ~ n~

directly into production . Lesser testirg efforts can more directly

relate to recognized technical encertainty, as in the case of the

sir lator , and nay equa lly s a t i s fy  the proc~ran reruiremcnt s with less

schedule impact at reduced costs.

Problems also develop when conflicting objectives are imposed upon

the test operation. An example would be operator testing requirements

being imposed when reliabil ity testing is being satisfied . If relia-

bility testing I s  of paramount importance , any objective which would tend

to interfere with reliability ~uu1d ccmprcm ise one , or both dc~;ircd
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outcomes. Recognition of conflicting test objectives is necessary very

early in the program to avoid making promises which are impossible to

fulfill. This problem can be partially overcome by first identif ying a

need for testing on the basis of some technological problem; and then

developing a test which will demonstrate the system capability. There is

a strong desire to stretch the testing effort as far as possible by

• including other objectives to a system test which may interfere with the

original requirement .

Criteria — The criteria presented here are not extensive but are

sufficient to demonstrate that it is necessary to give considerable

thought to testinc’ prior to 1nmlenentin~ a test program . T)irectives auch

as DODD 5000.1 o f t en  ident i f y requi rements  which are taken at face value

and tend to put the question of “NEED ” in a subordinate role. It is

hoped that these criteria will stimulate serious consideration and

rigorous p~annino in responding to directi~-e of this tvre .

Prior to enter~ng a test pro~ rom , it must he demonstrated that a

significant technical problem exists , and this p r c i l c - m  r -u - t he de scribed

in engineering terms . If this cannot be done , it may be difficult to

assess when the goal has been achieved , or if achievement is possible.

An exception to this appro ach Is (possible) in the ba~~ic r e s e a r c h  area;

however , as relates to dcve lop ”-ent. the f i r ~~t statement of ‘~~t a b 1 i s h i n - ’

the “NEF:D” seems fundamental.

Raving decided that a test program is necessary, some recognition

is required relative to the ri’~’ associat ed with achieving the proposed

test configuration . Thfs nu~ t take into account the problems which may

develop in oht .iinin~ the eq-~1~-me n~ and its supnori en schedu le  and at
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cost. ~‘anv times in a development contract the test design is leading

the system design ; so it is very possible to begin tes t ing a sys tem wh ich

bears little resemblance to the system representing the end product.

Because of the accelerated testing efforts , which will support development ,

the schedules are often compressed resulting in a greater risk of success

than would exist if the test were deleted and we went directl y into the

development phase of the contract.

The desire to demonstrate capabilities over and above the original

need for  t e s t ing  can result  in a p r o l i f e r a t i o n  of r equ i rements  which

defeat our purposes. If reliability of a system is to be demonstrated ,

an added requirem ent for maintain abilit y vill compromise ~~~e r e l i a b i l i ty

goal. Under these condi t ions , pe rhaps what is real ly  desi red is a

demonstration of availability which is a function of both reliab ility

and ma intainabilit y . Creat care must be taken in selectine the

ob j e c t i ve s .

Prior to formulatIn~ the test proc-ran , a thorough review of the

on—going te~ tina in the - - l~~e r . ia  i s  e s s e n t i a l .  It  r ’av h e d i f f i c u l t tu

• justify testing for system A ~~ similar tests are currently being

con d u c t e d  for  sy s t e m  B. A l s o  t h e~ e is  no r e a s o n  to b e l i ev e  t h a t  t r o g r a m

A v i i i  ~ more successful t h an  r r o~~r am E f o r  t e s t i n g  the  same c o m p o n e n t .

A rigorous an alvy is of all availa b le alternat ives should be made

to determine the advantapes and disadvant acea of  each. This should be

followed by a decision analysis which will describe the cost of the

information associated wIth each altern ative . As a corollary to this

approach. Insight can he gained relative to conflicting requirements such

as the p r o l i f c ’r i t f c n  of o b j e c t i ve s .
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Full considerat ion must be given to the ILS needed for the program

early and an unde rstanding by ail as to what we expect the test results

will disclose. What information will be collected and who will evaluate

the results should also be identified.

• After the test program has been described and the location for the

testing is determined , some assessment of the management risk must  be

ide n t i f i e d . The peop le who wi l l  ma nage the test e f f o r t  seldom measure

prod uctivity by the same standards as the program office. They may have

the same values in term s of g e t t i n g  the job done; however , they are

oriented diff erentl y and respond to different measures of effectiveness.

As a final consideration , the ‘~nlitics in term s of the overall

program should be looked at. An examp le of this might be to consider

who will chair the DSARC decision points. This consideration should be

looked at in relation to time. Wha t is the l ike l ihood of the people

in pr~;cr  rc~~- i i n i m a  in p0- er and ~c~’ ’ o r t i n ~’ your nr arm ~.-h~-n t h e

information you have generated must be evaluated by them? Uho will be

the ir rep lacem ent and what is l ib e l”  to hr their print O t  V l t W ?

• Having compl eted this study, I am certain of only one thing . The

probl em I have described here ret)resonts part of the visible portion of

an ice—b erg. The possible uses for this study are perhaps threefold. It

may prove useful for future prooran manage y r  t o  consider these elt :- .ents

as a way of looking at  t he  d e c i s i o n  to be n ide  i n  relation to testin g

programs. The system anal ysis approach to the problem of pro totyp ing

wil l  no t y i e l d  rol ut ions hut w i l l  ident i f y considerations not normall y

investigated . Decision analysis can be a useful tool in making jud gemen t

decisions . This Is an indicator oi the cost of Inform ation , and viii
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result in a good check list.

Summary — The research question which I intended to describe was

to identify criteria which could be used in determining the desirability

of entering into a prototyping program . The criteria I have identified

are as follows :

1. Justify the prototype in engineering terms.

2. Assess the cost and schedule risk associated with having a

successful prototype test in terms of the benefits.

3. Select objectives with extreme care.

4. Review ongoing testing for app licability.

5. Analyze all possible alternatives.

6. Consider ILS early in the test program .

7. Determine the management risk associated with the organiza t ion

that will do the testing.

8. Cons ider the political issues which  m a y  prevail at c r i t i c a l

decision po ints.

‘4
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MW Bath Iron Works Corporation

BJCO Bird Johnson and Company

DOD Department of Defense

DSARC Defense Systems Acquisition Review Council

C&c Gibbs and Cox Compan y

GE General Elect r ic

ILS Integrated Logistics Support

LBTS Land Based Test Site

LOP Loca l Operato rs Panel

MCC Master Control Console

NAVSEC Naval Sh ip Engineering Center

NAVSHIPS Naval Ship Systems Command

NAVSECPHITADIV t.’aval Shi p Engineerins Center Philadelp hia Div isThi

PS/LBTS Propulsion System/Land Based Test Site

PF Pat rol F r iga t e

PMS399 PF Project Of f i ce

SSD Ship System Design

T&E Test and Evaluation

NRPO Naval Regional Procurement Office

CNT Chief of Naval Training

RMA Reliability, Maintainability, Availability

OPTEVFOR Operational Test and Evaluation Force
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