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1. OBJECTIVE OF STUDY

The purpose of the study was to assess the technica
feasibility and econom c benefits and/or drawbacks of the
devel opment and inplementation of propul sion plant standards.
EthaS|s was placed on reducing shlgbU|Id[ng costs and
delivery tinme in the United States by defining standards
whi ch could be useful to the marine industry.

2.  DEFINTION OF STANDARDS AND AND APPRCACH TO THE STUDY

An eval uation was nade of the performance, operating,
I nterface, packaging, installation and software requirenents
of the propulsion plants projected to be contracted to
Anerican shipyards during the next decade. Typical systens
and equi pnent conponents were considered. Those system or
equi pnent paraneters suitable for inclusion in a standards

devel opnent program were sel ected based on technical

feasibility, economc potential, and industry acceptance.

Four groups of standards were defined. Essentially,
these groups reflect the extent to which the propul sion
systemis covered by standards:

. Goup | - Total Propulsion Plant Standards
carried to the level of detai
represented by sized system di agrans.

« Goup Il - Mdule Standards, which define
performance sizes and interfaces for
syst em nodul es.

« Goup Il - Envelope Standards, which define
equi pnent  performance, installation
size, and Interfaces independent of
vendor source.

« Goup IV - Individual Equipnent/Conponent
St andards which have three steps
(or degrees of coverage).

- Technical data standards

Procurenent standards
- Hardware standards

3. ESTI MATED COST SAVI NGS

Eval uation of the econom ¢ benefits and industry




acceFtance of the four standard groups showed that the

Total Propulsion Plant Standards (Goup |) offer the greatest
| ong-term potential. A conbination of Technical Data, and
Procurenment Standards for |Individual Equipnent (Goup IV,
steps 1 and 2) offer the greatest near-term potential.

A detailed economc analysis was nmade to develop a
conservative estimte of savings achievable by a shipyard
using a conbination of Goup | with steps 1 and 2 of
Goup I'V. This conservative estimate indicated that over
15% of the propul sion plant acquisition and installation
cost could pbe saved by a shipyard on the first ship in
each series.

4. RECOMMENDED ACTI ON

. Select a specific propulsion plant type and size
likely to be utilized in U S built ships.

. Conduct a pilot programto devel op one Total
Propul sion Plant Standard and one or nore conbined
Procurenent Standard/ Technical Data Standards for
the selected plant.

. Apply these standards to a new shi pbuil ding program
in one or nore U S shipyards to neasure the
ability of standards to reduce propul sion plant
engi neering and installation costs.



FOREWORD

Thi's studg was acconplished as gart of the Ship
Produci bility Program being nanaged by Bath |ron Wrks
Corporation. The Ship Producibility Programis part of
the National Shipbuilding Research Program originally
defined by the Production Conmttee, one of the Society
of Naval Architects and Marine Engineers’ technical and
research commttees. The research was funded 'Qint[Y _
by the Maritime Admnistration and the U S I pbui 1 di ng
i ndustry under a cost shared contract. The Propul sion

Pl ant Standards Feasibility Study was selected as a high
priority task at a conference of shufbuildiqg management
personnel held at Annapolis, Maryland in 1973. The study
has been done bé M Rosenblatt and Son, Inc., under
subcontract to Bath Iron Wrks Corporation.

A separate subcontract was awarded to Ingalls
ShinuiIding Division to provide additional economc
evaluation of utilizing proPuIsion pl ant standards for a
specific design in an actual shipyard. Some of the results
of this study have been incorporated into this report to
substantiate the results (conclusions relative to the
time savings that could be realized from selective applic-
ation of standards). The conplete Ingalls report is
avail abl e through Bath Iron Wrks.

Speci al acknow edgenent is due to the Advisory Counci
for their evaluation and inportant comments. This group
conposed of representatives of the marine industry provided
val uabl e guidance and direction to the entire program
Their comments were in general incorporated into the final

report.
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| NTRODUCTI ON

1.1 _BACKGROUND

To help U S shipKards meet the challenge of reduced
subsidy rates set forth in the Merchant Marine Act of 1970,
the Maritime Admnistration initiated a U S. shipbuilding
Research Program as a joint Industry/Maritime Admnistration
venture. The Ship Producibility Program wth its overal

obj ective being to develop technical information which can
be used effectively by U S. shipyards to reduce the tine
and cost of building ships, is a key elenent of the total
Nati onal Shipbuil ding Research Program

This report presents the results of Task S-1, Feasibility
Study of Propul sion Plant Standards, which is one of the

priority tasks 1n the Ship Producitbility Program

The study was conducted by M Rosenblatt and Son, Inc
under subcontract fromthe Bath Iron Wrks.

The duration of the study was about one year. The study
was conpleted in April 1975.

1.2 A_STUDY OF STANDARDS | S | MPORTANT AT TH S Tl ME

This study was undertaken to determ ne the potential
benefits and probl ems associated with the application of
propul sion plant standards to shipbuilding in the United
States. The obvi ous questions which mght be asked are,
“Mhi} pronpted the study and why is it significant at this
time? "

At the Annapolis Ship Producibility Planning Conference
held in 1973, senior personnel fromtwelve U S. shipyards
defined potential Shig Produci bility tasks which offered
significant econonmic benefits. The Propul sion Plant
Standards Feasibility Study was anong the top priority tasks.

It is also significant to note that many of the nmjor
JaPanese and European shi pbuil ders have devoted consi derabl e
effort to the devel opnent of standards for ship systens and
conponents.  They are enthusiastic about the resultant
benefits which include sinplified procurenent, |ower costs
(both purchase and installation), and shorter design and
bui | ding schedules. As the nore progressive foreign ship-
bui | ders found significant benefits, it appeared likely



that the U S shipbuilders could do so too. Cearly, the
U S. shipbuilders could benefit from sinplified praocurenent
met hods, |ower costs, and shorter building periods if these
results could be achieved at reasonable cost.

The_study iIs nost significant at this tinme because
U S shipbuilding is at a critical juncture. The Merchant
Marine Act of 1970 expanded the total market for ships b
naking bulk carriers eligible for construction differentia
subsidy. At the sanme tine, it put a challenge to U S
shipbuilders to lower the cost of their product and increase
their marketing efforts, enphasizing series production of
ship designs that were engineered for |ow cost production.
After several years of expanding order books, the world s
shipyards are now booking few ships. The likely result wll
be nore conpetitive pricing, which wll affect the U S
shipbuilders directly or indirectly. Delivery tinmes are
critical to both owners and shipbuilders. \Wen a shipowner
sees an opportunity to offer a special service to shippers,

he wants to act quickly and obtain ships as soon as possible.
He must act before the world econom c picture changes or

sone other shipowner seizes the advantage. Therefore, reduced
shi pbuil ding times can be very beneficial to shipowlers, and
it follows that shorter schedules can be very advantageous

to a shipbuilder in obtaining orders and in achieving nore
production froma given facility. In sunnarK, t hese pressing
reasons |led the shipbuilding coomunity and the Maritine

Adm nistration to the conclusion that they should initiate

a study of the potential benefits of applying standards to
shipbuilding in the United States.

1.3 THE OBJECTI VES AND SCOPE OF THE STUDY

The purpose of the study was to assess the technical and
econom ¢ feasibilitr of the devel opnent, industry-w de
acceptance, and inplenentation of propulsion plant standards
from the viewpoint of reducing the cost and time of ship-
building in the United States. The study was to answer the
question, “Can standards for propulsion plants benefit the
shipbuilding industry?” A further ob;ective of the study
was to determne the type and | evel of standards appropriate
for systens and subsystens of a propulsion plant and then
to consolidate the standards into |ogical groups. St andar ds
for both the software and hardware of propulsion plants were
to be considered, and skeleton formats were to be prepared
for the proposed standards. Once the technical feasibility
was eval uated, the standards were to be subnitted to a
conpr ehensive econom ¢ analysis. The econonic analysis was



to give equal consideration to dollar savings and tine
savings in the design, procurenent, and installation of
machi nery.

The overall objective of the studY was to concl ude
whet her the shipbuilding industry should pursue devel opment
of standards for propulsion plants. |f an affirmative
conclusion resulted then the study team was required to
recommend a plan for the initiation of the standards devel -
oprent program

The scope of work was set by limting the study to the
propul sion machinery for those conmercial cargo carriers of
10, 000 DWI' and above likely to be built in the United States

over the next decade.
1.4 THE STRUCTURE OF TH S REPORT

Chapter |1 of this report describes the approach taken
to define and evaluate four groups of standards. The
econom ¢ anal ysis undertaken as part of the evaluation i

S
described in sufficient detail to denonstrate the validity
of the approach taken. [f the reader is not interested in
the definitions or the details of the economc analysis, he
may bypass chapter Il and go to chapter IIl which presents

the principal findings fromthe evaluation. Chapter |V
sunmari zes the conclusions and recommendations stenm ng

from the study.
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|I.  DEFINTION AND EVALUATI ON OF STANDARDS

The overal |l approach was designed to uncover industry-
wi de Problens related to the acquisition and installation of
propul sion plants, which mght benefit from the application
of standards. The investigators had extensive interviews
wi th shipowners, shipbuilders, and machi nery manufacturers.
The project team also received val uable advice fromthe
Project Advisory Council which was formed to make periodic
review of the project. The council menbers were a rich
reservoir of experience in standardization and ideas on the
future application of standards.

The study consisted of three prinary tasks:

. A forecast of shipbuilding and related
propul sion system requirenments for the
next ten years.

. Selection and definition of candi date
st andar ds.

. Evaluation of the potential benefits of
applying the several candi date standards
to propul sion machinery.

2.1 SH PBU LDI NG LEVELS FOR THE DECADE WERE FORECAST
AS A BASTS FOR THE ECONOM C ANALYST'S OF STANDARDS

APPLT CATT ON

2.1.1 Objective of the Forecasting Task

The conmerci al shi?building forecast was the
initial task of the Propul sion Plant Standards
Feasibility Study. It established the approximte
nunber of the various propul sion plants required
for the next ten years and therefore provided the
basis for selecting candidate Propulsion Plant
Standards offering the greatest potential for cost-
ef fectiveness. It also provided a basis for broad
estimates of the total potential savings fromthe
sel ective application of Propulsion Plant Standards.

~ The forecast consists of estimates by the
and size of the ships 10,000 DW or larger, likely
to be ordered fromU S. shipyards between 1975 and
1985, with an estimate of total U S. shipbuilding
extended to 1990.

11-1



2.1.2 FORECAST DERI VATI ON METHCD

The baseline data for the forecast was
derived fromthe report of the Conm ssion on
Anerican Shi pbuil di ng and consists of prokgcted
foreign trade and domestic trade ships. difiers
fromthe Comm ssion’s report were then applied to
this baseline data for foreign trade ships to
obtain the final forecast. hese nodifiers were
the probable inpact of a programto assist ship-
buil ders to reduce costs and | egislation diverting
a share of U S. petroleuminports to U S. ships.
For the domestic trade ships, three other forecasts
were used as nodifiers to assess the effect of the
Trans- Al askan Pipeline (TAPS). In addition, the
basel ine data was adjusted to reflect the direction
i ndi cated by types and nunbers of ships ordered in
the last five years, and shipowners were canvassed
to obtain their probable future requirenents. LPG
and LNG ship forecasts were based on the Maritine
Transport Research report (March 73 & ’'74)
entitled, “Merchant Ship Demand to 1980". The
forecast for the LNG ships was further nodified by
several other published forecasts.*

2.1.3 Forecast Results

Approximately 350 U S. built ships _are pro-
jected for the period 1976 through 1985. There are
a nunber of econom c and political factors which
could raise or lower this level, but it provided a
sufficiently valid base for estinmating the approx-

I mate nunber of power plants that will be required.
The projected ships would require about 185 steam

t ur bi ne proPuIS|on plants of varying steam cycles,
approxi mately 110 gas turbine propul sion plants of
heavy-duty and/or aircraft derivative types, and
some 75 diesel propulsion plants, conposed of single
or multiple nmedi umspeed diesel engjnes. (For
details of the forecast, see Appendix “A’.)

_ The steam turbine, gas turbine, and the
medi um speed di esel propul sion plants were each
technical |y anal yzed by devel opi ng a work breakdown
structure show ng equi pment conprising the plant at
the total package, mmjor systens, major equi pnent/
subsystens, and equi pment/conponent |evels.

*

See Bi bliography



2.2 FOUR GROUPS OF STANDARDS WERE DEFI NED

The performance, operating, interface, packaging and
software requirenments for each system subsystem or equip-
ment were considered individual Idy, and the paraneters suit.
able for inclusion in a standards devel opment program were
established on the basis of technical feasibility, economc

potential, and industry acceptance.

The systens and equi pnents which lent thenselves to
being included in the standards program were listed in
matrices together with the standard paraneters. A careful
review of these matrices showed that the same paraneters
appeared at various levels of detail. Consequently, the
common paraneters were combined wthin the functions of the
standards candidates to which they bel onged, and four groups
of standards resulted. The title of each group indicates

how much of the propul sion systemis covered by the standard.

The four groups are as follows:

. Goup | - Total Propulsion Plant
St andar ds

. Goup Il - System Equi prent Modul e
St andar ds

. Goup Il - Equipnent Envel ope
St andar ds

. Goup IV - Individual Equipnent/

Conponent St andar ds

It was concluded that three steps should be considered
within the fourth group:

. Data Standards
v+ Procurenent Standards
« Hardware Standards

The definitions and objectives of the four groups are
contained in the follow ng paragraphs.

Goup | - Total Propulsion Plant Standards

The Goup | Standards are docunents that contain the
technical information (in standard format) necessary to define

I'1-3



and descri be machi nery which collectively forms a propul sion

Blant for a specific horsepower and a fraction above and
elow that power level. The definition covers the perform

ance and type, description, and operating characteristics of
the propulsion system including its principal subsystens.

For exanple, the systemdefinition is carried to the
| evel of equipnent capacity and sized system piping diagrans

for each pov The powers contenplated are shown in
| Appendi x £ iTabI es 2,| and[5. |
The objectives ofSt andards are to achieve a
approac

systematic, consistent to power plant design, which
woul d | ead to reduced contract and detail design costs and
shortened shipbuilding schedul es.

Goup Il - Equipnent/System Mdul e Standards

Goup Il Standards are docunments which contain the
technical data and information required to define and
descri be conpl ete subsystens or groups of equi pnent that are
mounted on a conmon base, such as Fuel G| Service System
Modul e. The Goup Il Standard includes performance, type,
description, and operating characteristics of the nodule.
These standards al so prescribe size and |ocation of inter-
faces plus critical dinensions and weights for a given nodule.

The objectives of Goup Il Standards are to achieve
reduced installation tinme and costs, as well as reduced test
and checkout tinme. The nodules permt a group interchange-

ability of equi pment w thout inposing dinensional constraints
on individual equipnent.

Goup Il - Equi pnent Envel ope Standards

Goup Il Standards are docunents containing the tech-
nical data and information required to define and describe
the performance and interface characteristics of equipnent
such as nmain boilers so that equi pnment of |ike characteristics
from different vendors may be used interchangeably. These
st andar ds consi st of ina%|nary envel opes whi ch surround the
equiﬁnent in question. his concept limts overall size and
wei ght of the envel ope and determ nes interface and install a-
tion requirenent sizes and locations for that particular
equi pment i ndependent of vendor source. These standards will
be such that all eligible vendors wll be able to neet the
requi rements of the standard by using a sub-base and addi ng
I nterconnecti ons between an item of equipnment and its various
I nterfaces.
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The objective of this standard is to achieve the ship-
yard benefits of Hardware Standards wi thout inposing the
constraints on manufacturers that would be necessary for
Har dwar e Standards (defined bel ow).

Goup |V - Individual Equi pnent/Conponent Standards

Goup IV Standards are docunents which contain the
technical data and information required to define and describe
i ndi vi dual equi pment or conponents such as a main condensate
punp. This group is subdivided into three distinct types
of standards which may be considered as steps of a phased
approach to the ultinmate Hardware, or equi pment, Standard.

The Data Standard is a docunent which contains technical
reformation (1n standard format) pertaining to_vendor
equi pnent required for propul sion machinery. The techni-
cal information included is that which is necessary for
ship designers to perform propul sion plant designs at _
any level (prelininary design, contract design or detail
design), without requiring additional information ésuch

as contract drawi ngs and specifications) from vendors.

The nmj or obLective of this standard is to provide the
designer with certified equi pnent design data at the
time the contract design is started. his elimnates
the time-consumng process of obtaining owner and

regul atory body comments and/or approvals of vendor

pl ans and specifications before release for manufacture.
The second objective is to elimnate the desi?n changes
usual ly incurred by the continuous updating of vendor
data during a nornal ship design cycle.

The Procurenent Standard is a document containing the
Information required to purchase ship propul sion equip-
ment from vendors. This docunent contains both the

t echni cal docunentation and the legal docunentation. The
| egal portion of this docunment contains the ternms and
conditions. The technical portion contains the data
prescribed by a Data Standard.

The principal objective of this type of standard is to
reduce the cost and schedule time of ship design tasks,
procurenment, and delays in installation of the equipment.

The Hardware Standard is a docunent containing the
technical rnformatron necessary to define and describe




har dware which would be interchangeable from any vendor

| nterchangeabl e, in this standard, nmeans |ike equi pnent

of a given capacity wll have identical--within specified
limts--performance characteristics, interface dinmensions,
size limtations, weight, mounting dimensions, and
compatibility of materials.

The several objectives of this standard include those
of the Data Standard in that basic data would be avail -
able in a tinely order. In addition, use of this stan-
dard woul d facilitate interchangeability with the added
benefit of buying conponents from several vendors with-
out design changes and reduci ng operational maintenance
costs.

2.3 AN ECONOM C ANALYSI S WAS MADE OF THE PROBABLE
RESULTS O APPLYI NG SEVERAL TYPES OF STANDARDS.

A net hodol ogy was devel oped and fol | owed throughout the
process of anal yzing the econom cs of standards. Basically,
It involved estimating the |abor, material and schedule tine
reductions that should be realized frominplenentati on of
standards. The main objective in devel oping this methodol -
ogy was to provide uniformty and sinplicity in cost calcu-
lations and to insure a universal method of predicting
avai l abl e cost reductions when standards are utilized. The
anal yses were planned and perforned in such a manner that
t hey woul d not be dependent upon the procedures of any one
shi pyard, owner, nanufacturer or designer. Furthernore, they
were designed so that they could be readily used by any
interested party through selective nodification of certain
variables to suit the operations of a specific shipyard.

2.3.1 Description of the Assunptions, Criteria
and Approach

The follow ng general assunptions were nmade for use
t hroughout the analyses in order to insure conservative
estimtes of |abor dollar savings:

. Constant July 1974 dollars were used for |abor
and material costs; costs were not escal ated
beyond July 1974.

. Al direct yard | abor man-hours were val ued at
$4.80 plus 25% for fringe benefits which total ed
$6. 00 per hour based on a review of major U S
shipyard |abor and fringe rates as of July 1974,

I'1-6



. Al indirect yard |abor man-hours were also
valued at $6.00 per hour, including fringe
benefits.

Al engineering and management services were
valued at $9.00 per hour, again including fringe
benefits.

In addition to these assunptions, and for use
and guidance in performng the total cost calculations,
the following criteria were established:

Anal yses were limted to itenms associated with a
shi pyard’ s designing, installing, checkout,

and testing of the main propul sion plant and
ancillary equi pnent.

Nurerical values for direct |abor man-hours
and schedule tines used in the anal yses were
either estimated or based on engineering tine
data, work sanpling, or historical data when
avai | abl e.

. Only real savings were considered; i.e., those
whi ch have a high probability of being achieved
by appropriate management action.

. Overtime premum was not included in the cost
anal yses.

. Sem-variable and fixed cost portions of
overhead as normally aﬁplied to [abor hours
were not included in the analysis of |abor
savi ngs.

Cost savings resulting from shorter building
schedul es were estinmated based on an anal ysis

of direct costs such as guards, insurance,
supervision, utilities, and on-going fixed costs
of depreciation and taxes associated with the
shipyard facilities which are not tied up by

the ship when it is conpleted earlier due to
the use of standards.

Applying these guidelines, a sequence of operations
was used in performng the individual cost analyses for
?aFP group of standards. These steps are outlined as

ol | ows:

I1-7



The first step was to describe the current
approach used by nost mgjor U S. shipyards

to design procurenment and installation of a
propul sion system  Then a description was
prepared for the approach which could be
expected from application of a given type (group)

of standard, i.e., standards approach. This _
was—done for each of the candi date standards defined

in|Section 2.2.

A cost breakdown was made for each approach, and
cost itens were subdivided to a |evel of detai
required for significant cost resolution

Anal yses were performed for each cost itemto
determ ne the direct labor and naterial costs
and schedule tinmes required to perform the work.

descri bed therein.

. Total direct |abor man-hours and material costs
required for each candidate standard were
det er m ned.

. The potential econom c benetits of using a
specific group standard was determ ned
conparing the estimated costs that would result
fromthe use of that standard with the cost
t hat woul d be experienced under the present

net hod.

The results fromthe individual cost anal yses thus
performed were used in evaluating the conparative nerits
of various groups of standards. After review ng these
results and considering the advantages and disagvantages
of each group of standards, they were presented to the
Project Advisory Council. Their discussions, coments
and criticismwere carefully evaluated, and as a result
nodi fications were made to the anal yses.

It was then necessary to estinmate the total |abor
savi ngs avail abl e for specific propul sion plant applic-
ations. This in turn necessitated the devel opment of a
met hod of generalization. The objective of the nethod
was to predict the probable savings through utilization
of standards on any conponent of the propul sion plant
by conparing it wth one of the conponents for ich a
detailed econom c analysis had already been acconplished.



Briefly, the nmethod of generalization can be
described as follows:

The potential contribution of each of the anal yzed
standards to the overall savings was estimated
based on the size and conplexity of the conponent.

The conponent, for which a “generalized” estinmate
was to be prepared, was identified as nearly
simlar to one of the standards candi dates which

had been anal yzed.

A “size rating” and a “conplexity rating” were
assigned to the conponent to be estimated as
conpared to the simlar previously “analyzed”
standard.

The size rating for the conponent was nultiplied
by the size contribution for the simlar analyzed
standard to obtain the probable percentage cost

reduction based on the conponent’s size.

The same procedure was followed to obtain the
probabl e percentage cost reduction based on the
component’s conpl exity.

The two percentages were added to determne the
overal | percentage cost reduction for the
conponent as conpared to a simlar standard which
had been anal yzed.

In order to deternmne the estimated total

savings for a conponent, the calculated percentage
reduction was multiplied by the total savings for
the simlar analyzed standard.

2.3.2 The Cost Inpact of Representative Standards

Cost anal yses were perfornmed on seventeen represent-
ative standard candi dat es. One analysis for each of
Goups I, Il, and Il and one for each of three types
of standards within Goup |V, as being typical of the
study, are sunmarized in the follow ng paragraphs.

Analysis of Goup I (Total Propulsion Plant) Standards
Using a Steam Plant

The 24,000 to 26,000 SHP Steam Turbine Propul sion Pl ant
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was chosen as the exanple for evaluation of Goup |
St andar ds.

For the Total Propulsion Plant Standards (Goup I),
the "existing approach” was defined as follows:

. The design of the propulsion plant is not
avai | abl e.

. Starting with the owner’s requirenents, a conplete
preI|n1nar¥ design and contract design are
devel oped tollow ng normal procedures.

. Detail design is developed after contract award.

The definition of the “Standards Approach" was estab-
|'ished as foll ows:

. Aformal Total Propulsion Plant Standard for the
power and type of ﬁropuIS|on plant in question is
avail able to the shipyard and the designer

. For the power range in question, the standard heat
bal ances and sized system diagrans contained in the
formal document will be usable with little or no
modi fi cati ons.

On the basis of these definitions, the costs for the
devel opment of conplete contract and detail designs for
the subject total plant were broken down to the |evel
of detall necessary for conparison. [lable IT-1
page I1-11, sunmarizes the cost elenments used in the

anal yses for the contract design phase.
Table I1-2, |page 11-12, lists the cost elenents for the
detail design phase.
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TABLE II-1l

. GROUP_I STANDARDS - ECONOMIC ANALYSIS
24,000 TO 26,000 SHP STEAM TURBINE PLANT
CONTRACT DESIGN

EXISTING STANDARD
COST. ITEMS J“L APPROACH || _ APPROACH
] ]
N EARE
DESCRIPTION a a8
EEEER EEEREE
a 0= ad 0=
i Q '
Prelim Heat Balance u 1200 3.0 40 .2
2 Pump & Heat Exchange || 1000 4.3 80 «5
Sizing
Prelim Elect Load ’I 800 | 5.0 4 | .6
Analvysis .
Schem E.R. Arrg't 200 | 5.0 80 1.0
Prelim. Piping Schem 600 5.3 60 1.2
Engine Room 800 5.9 200 1.8
Arrangements
7 Piping Systems 1000 6.0 40 1.8
Diagrammgtic Arrg'ts
Lineshaft & Bearings 400 6.0 80 1.8
Diag. Arrg't & Calcs.
Set of Secondary 500 6.0 200 2.0
Contract Dwgs,
Contract Specs 1000 6.0 700 2.0
ABS & USCG Approvals 200 6.5 40 25
TOTALS 7700 6.5 ﬂZISO 2.5
SAVINGS 5540 4.0
APPROX. SAVINGS $50,000
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TABLE II-2

GROUP I STANDARDS - ECONOMIC ANALYSIS

24,000 TO 26,000 SHP STEAM TURBINE PLANT
DETAIL DESIGN

!

I}
EXISTING STANDARDS
COST ITEMS APPROACH APPROACH
. 20 | 4
e e e s O oom 3%-4 nm
No. DESCRIPTION E O [l E o) QH
A 8= n m g:z
ra:iz O hiﬁ:s o
a Q= (a) 0= .
0 n
1 Specs for Equipment 2000 5 " 1800 2
and Material
2 Bidding & Procurement 3000 7 ﬁ 2600 3
3 Final Heat Balance 300 8 40 3
4 Final Elec. lLoad 300 9 40 3
Analvysis
5 Shafting Calcs. 500 9 400 7
6 Piping Stress Analysis 1500 9 1000 8
2 DINITrmer TS s~ Avevmry ¥ oo [~¥a¥e} Q 1 T8N Q
': J-J-kluhllg u.&a.g. m.&\_—, e -t I NS 4 " b ot S (=]
8 Detail Working Dwgs. 18000 14 14000 11
9 Detail Specs 2000 8 1000 2
10 Test & Trial Memos 2000 15 1500 12
11 Approvals 1200 16 ” 800 12
. l,
TOTALS 31300 16 [23330 12
SAVINGS 7970 4
APPROX, SAVINGS $72,000




The conbined overall savings obtainable through utiliza-

tion of a total plant standard for the 26,000 SHP steam
plant are approximtely as follows:

Contract Design: 5500 Man-hour reduction =
$50,000 and 4 nonths in schedul e

Detai | Design: 8000 Man-hour reduction =
$72,000 and 4 nonths in schedul e

Total Savings (direct costs) $122,000

Analysis of Goup |l (Equi pment/System Mdul e) Standards
Using A Fuel OT Service System Module as a Sanpl e

The existing approach for Goup Il equipnent was defined
as a non-standard nodul e being assenbled and installed

on board ship by the shipyard. The standards approach
called for the shipyard to use the nodul e design depicted
in the standard, assenblinﬁ it in the shop and then
installing the nodule on the shinp.

The cost breakdown for the Fuel O Service System
Modul e is as shown in the analysis form Table I1-3,
page I1-15. It can be seen that the estimted total
costs for the existing approach is $26,600 as conpared
to $15,900 for the standards approach. Thus direct
savings of about $10,700 are possible by utilizing a
Goup Il standard for the Fuel oil Service System Mdul e
This sane form and approach was used in analyzing other
Goup Il standards.

Analysis of Goup |Il (Equi pnent/Envel ope) Standards
Osing a Main Boiler Envelope as a sanpl e

It was assumed that in the existing approach, the
equi prent woul d be purchased by a sh|pYard through its

normal procurement ﬁrocedures. It would be stored with-
in the shipyard. The shipyard would fabricate and
install the foundation. | mechanical, electrical and

other external connections would be nmade after the
equi pnent was installed on board. Wth the standards

approach, it was assumed that the equi pnment woul d already
be in an “envel ope” when delivered to the shipyard. The

unit would come conplete with its base and externa

connections to the interface points on the envel ope
surface.
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The breakdown of cost itens on this basis is shown on
[Table I1-4,| page I1-16. As can be seen from the table,
the Total costs for the main boiler in the existing
approach is $38,300 conpared to $28,600 for the standards
approach. Thus savings attainable in direct costs are
approxi mately $9, 700.
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GROUP II - ECONOMIC ANALYSIS

TABLE II-3

FUEL OIL SERVICE SYSTEM MODULE

II-15

EXISTING STANDARDS
PROAC APPROACH
COST ITEM SHIPYARD SHIPYARD
ASSEMBLED ASSEMBLED
NON-STANDARD STANDARD
MODULE MODULE
Tech. Dept. Direct Labor $ 5,976 $§ 1,728
§Contracts Dept. Dir. Lab. 3,024 1,872
5[p & E Dept. Dir. Labor 2,727 2,700
§Bid & Response 1,620 675
2 Equipment Cost 1,310 1,310
Sub-total 14,657 8,285
Direct Labor - Shop 2,832 2,700
Direct Labor - Ship 1,230 500
S|Crane Service 240 2490
:*%Eng;nee:;ng Interface 1,350 1,000
©|set-up 534 78
:‘%Delays & Spool Piece 4,800 2,000
Inv;htory B 702 396
Maint. & Repairs 246 174
Sub-Total 11,934 7,468
Test and Check-0Out E E
TOTAL $26,591 $15,873
SAVINGS $10,718
E = Equal Cost




GROUP TITT -~ ECONOMIC ANALYSIS
MAIN BOILER ENVELOPE

TABLE II-4

E = BEqual Cost

II-16

” EXISTING STANDARDS
COST ITEM APPROACH APPROACH
Tech. Dept. Direct Labor $ 4,356 $ 1,800
2 Contracts Dept.Dir. Lab. 1,008 783
% P&E Dept.Dir. Labor 1,728 1,161
§ Bid & Response 1,620 270
& Material Costs 750 1,500
Sub-Total 9,462 5,514
Direct Labor - Shop 10,200 9,408
Direct Labor - Ship 9,180 7,020
é Crane Time 624 624
: Engineering Interface 2,280 1,200
ﬁ Set-Up Time 1,140 720
% Delays & Spool Fiece 4,200 3,000 )
§ Inventory 936 800
" Maintenance & Repairs 288 288
Sub-Total 28,848 23,060
Test & Checkout Phase E E
TOTAL $38,310 $28,574
SAVINGS $ 9,736




Analysis of Goup |V (Individual Equipnent/ Conponent)
Standards Using A Main Condensate PunmP As An Exanpl e

An _anal ysis was perfornmed for each of the steps in the

Goup TVStandards. — For the existing approach, it was

assuned that the shipyards would go through the nornal
procedures for obtaining the equiprment and installing it.
For the standards approach, it was assumed that the
information in the standards as described in A?pendix
"B" of this report is available at the start of the
design| Tables Il-5, [I1-6, |and[1I1-7 khow the results of
t hese amatyses. e savi ngs are sumuarized as fol | ows:

Potential Savings Using Miin Condensate Punp Goup |V
St andar ds

Dat a Procur ement Har dwar e
Man- Hour s 290 570 1, 260
cost $2, 600 $5, 100 $10, 900
2.3.3 Synthesis of Single Ship and Qther Ship
Savings

Components of the 24,000 to 26,000 SHP Steam Pl ant

The 24,000 to 26,000 SHP Steam Turbi ne Propul sion
Plant was chosen for presentation of the synthesis
of savings available in a single ship application.
It was assumed that procurenent type standards for
all major equipnment, except reduction gear and
automation systens, were available and utilized.

Combi ned Savings for Goup |V Procurenent Standards

The total savings which could be obtained wth such

an applicatiﬁn_meLe_LﬂyﬁsLL%ated using the approach
described in_Section 2.3.1. | As summarized in Table
page I11-21, 1f procurenent type Goup IV
rds were utilized for all major conponents of

a 26,000 SHP steam plant, a labor cost savings of
about $136, 000 could be expected.
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TABLE II-5

GRQUP TV _STANDARDS - ECONOMIC ANALYSIS

MAIN CONDENSATE PUMP
TYPE STANDARD: DATA

EXISTING APPROACH |STANDARDS APPROACH

COST ITEM DIRECT | SCHEDULE DIRECT SCHEDULE
LABOR DAYS LABOR DAYS
MH MH J

Establish Design
Requirements E E E E

Review Industry

; Availability 144 10 56 5
5]
=
E Prepare Purchase E E E E
8 Specifications
&,
(¥}
Procure 240 6 180 5

Incorporate into

Ship Design 560 12 420 9
TOTALS 944 28 656 19
SAVINGS 288 9
Approximate $2,600
$ Savings
E = Egqual
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TABLE II-6

GROUP IV STANDARDS - ECONOMIC ANALYSIS

MAIN CONDENSATE PUMP

TYPE STANDARD:

PROCUREMENT

Fqual

II-19

EXISTING APPROACH |STANDARDS APPROACH
COST ITEM
DIRECT | SCHEDULE| DIRECT | SCHEDULE
LABOR DAYS LABOR DAYS
MH MH
Establish Design
Requirements E E E E
Review Industry
£ |Availability 144 10 32 2
5]
s
&
> |Prepare Purchase
8 Specifications 240 3 40 1
&
o
Procure 240 6 120 3
Incorporate Into
Ship Design 560 12 420 9
TOTALS 1184 31 612 15
SAVINGS 572 16
Approxinate
$ Savings $5,100




TABLE

GROUP_ IV STANDARDS - ECONOMIC ANALYSIS

MAIN CONDENSATE PUMP

II-7

TYPE STANDARD: HARDWARE
EXISTING APP“OACH"STANDARDS APPROACH
COST ITEM

Direct| Direct| Sch||Direct] Direct| Sch

Labor j Labor |Dayl]Labor | Labor | Day

MH $ MH $
Establish Design E E “ E E
REYJULICSUCIILS

2 L Review Industry 144 < saer lan H 5z R
5 Availability 1 1,296 |10 " Lo 144 - L
E
a; 11}
el Prepare Purchase
(o] il

& | procure 240 |2,160 | 6 ” 40 360 | 1

Incorporate Into "
Ship Design 560 5,040 12" — -

Q
- .

3 Design 180 1,620 6!!160 1,440 5
0

@ Set Up 48 288 2 44 264 2 .
po]

5 Production 840 | 5,040 |26 760 4,560 | 25
Installation 248 | 1,488 |10 194 1,164 | 7
Test & Checkout 48 432 2 32 288 1

TOTALS 2,548 119,524 | 79 {1286 8,580 43
SAVINGS 1262 36
Approximate
$ Savings $10,900

E = Equal
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TABLE II-8

TOTAL SAVINGS FROM GROUP IV PROCUREMENT/STANDARDS

UNIT SAVINGS NUMBER TOTAL
EQUIPMENT-COMPONENT R I SRVENGS
$
e - ! |

Main Boiler 15,000 2 27,300
Main Turbine 21,000 1 21;000
Main Condenser 7,200 1 ‘ 7,200
Lube 0il Purifier 3,980 2 7,100
Forced Draft Fan 6,950 2 13,100
Main Feed Pump 5,400 2 9,800
Fuel 0Oil System 8,680 2 16,300
Main Circ. Pump 5,980 2 11,100
Main Condensate Pump 5,150 2 9,300
Lube 0il Cooler 1,500 2 2,500
Lube 0il Service Pump 3,860 2 7,100
First Stage Feed H::. 1,500 1 1,500
Deaerating Feed lLtr. 3,000 1 3,000
Total $136,300
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| nteqgrated Labor Savings for a Single Ship

|f|Goup |, |Total Plant Standards, were inplenented
and utiliZzed atong with the[Goup [V, Procurenent
?tﬁpdards, the resultant |abor savings would be as
ol | ows:

From Goup | Standards (page I1-13) $122, 000
From G oup IV Procurenent Standards
(page I1-17) $136, 000
Total FromGoup | & IV
Pr ocur ement $258, 000

These are conservative estimtes of savings because
as explained infsection 2.3.1, |the study purposely takes
credit onI¥ for out-of-pocket direct |abor costs of
wages and fringe benefits. A well managed shipyard can
make additional savings in indirect costs assocl ated
with reduction in direct man-hours.

Predi cted Savi ngs From Shorter Shi pbuil di ng
Schedul €S

Earlier in this report it was noted that when G oup
| Total Plant Standards are utilized they should result
in schedul e savings of at |east 4 nonths in both the
contract and detail design phases. The savings applic-
able to detail design would take place during construc-
tion of the ship and could potentially shorten the
delivery period of the vessel. This possibility was
I nvesti gat ed.

Most of the ships currently under construction or
in planning have the engine roons and accommodati ons at
the stern. Wth this concentration of machinery and
accommodations aft, the construction of the aft section
is generally the controlling itemin the construction of
a ship. Mdst shipyards have focused special attention
on apﬁroaches to reduce the construction tinme required
for the stern section. Many yards pre-fabricate Iarge
sections, which nmay include nmachinery foundations an
|l arge piping. Those shipyards with [arge building basins
w Il often start erection of the stern of a ship In the
basin concurrently with the erection of another shinp.

I n many ships the erection of the house sections cannot
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Qroceed until the major machinery items are installed.
hus installation of the main nachinery conponents is
generally a controlling item

There are two pre-requisites to installation of
the main machinery. The first is the availability of
the conponents at the shipyard in a state ready for
installation. This nmeans that the conponents nust be
ordered in tine to permt manufacture, delivery, and
| ocal assenbly (when required as with boilers). In
order for this to take place, it is necessary that
sufficient information be available fromthe vendor for
the shipyard to be able to release the conponent for
manufacture. Study of current ship schedules for steam
gas turbine, and diesel power plants show that for the
principal conponents, the tinme between contract signing
and placement of purchase orders is about 5 nonths.

The release for manufacture is an additional 6 nonths
after the purchase order date.

The second pre-requisite to the installation of
the main machinery is the installation of the grjncipm
foundations and piping in the stern section. his in
turn requires availability of steel, piping, and the
detail drawings for the installations. Devel opment of
pi ping and foundation draw ngs are constrained b%
Information on the piping connections, weights, base
shape and bolting |ocations, plus other features of the
equi pnent .

To determne the potential schedule savings, an
anal ysis was made of the current BIWship schedul es.
From t hese schedules, it was estimated that at |east 5
months coul d be saved in each of these pre-requisites
by the use of Goup IV Procurenment (and Data) Standards
and Goup | Total Propulsion Plant Standards. This
reduction of 5 nonths in each of the pre-requisites
woul d offer a potential savings of 5 nmonths in the
construction of the first ship.

To fully realize these savings, other areas of the
shi pbui I ding process associated wth the machinery plant,
such as auxiliary equi pment and associ ated piping?
cargo systens (on tankers), and electrical generating
and distribution systems, will require that appropriate
standards be inplenented at the sane tine. It should
be further realized that these potential savings may

not be fully applicable to all U S. shipyards as sone
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yards are already using (their own) shipbuilding
standards.

This analysis was verified by the results of a
separate study prepared by Ingalls Shipbuilding Division
This study (prepared under a separate subcontract)
eval uated the econom ¢ advantages of utilizing standards
in an existing shipyard for a specific design project.
The design Project was a 150, 000 ton deadwel ght tanker
for U S flag operation. For one of the areas of the
study, three senior shipbuilders with extensive nmarine
experience, estimated the potential savings in ship
schedul e tinme (cal endar days) by utilizing Goup IV
Procurenent (and Data) Standards backed up by Goup |
Total Propulsion Plant Standards. The three independent
estimates indicated an average saving of 161 days.

Assum ng that a shipyard can produce about four
ships of a class in one year (i.e., one every 3 nonths),
the 5 nmonth savings would permt 2 nonths of schedule
savings in the second ship. Analysis of the current
production in U S. shipyards shows that on an average
there are about four ships being built in a given series.
Thus, there can be at least 7 nonths of construction
savi ngs per series.

The reasoning was carried one step further and the
savings in tie-up costs, |like insurance, security ?uards,
and power conbined with the on-goin? fixed costs o
depreciation and taxes due to earlier delivery of a
ship, was estimted at $5,000 to $10,000 per ship per

cal endar day.

These estimated savings were based on a conprehen-
sive analysis done by the Bath Iron Works in the md
1960's. The analysis was done in great detail, and after
t horough review was accepted by both owners and govern-
ment audit teams. The study was made for the relatively
smal |l ships (G5 size comrercial ships and Navy destroyers)
built at Bath during that period. The accepted val ue
was $3,000 per ship per day. For the larger conmercia
ships built in new or nodernized shipyard facilities
(Wwth their increased depreciation and taxes on these
facilities) and a building period in the 1970's, $5,000
per ship per calendar day is a reasonable mninumtie-

up cost.
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Usi ng $5, 000 Per day, the tie-up and on-going fixed
cost savings were tfound to be as follows:

Applying the estimated savings of 5 nonths
for the first ship in a series using the
26,000 SHP steam pl ant

5 nonths x 30 days x $5,000/day = $750, 000

These, when added to the |abor cost savings
fromutilization of standards, result in the
follow ng gross savings for the first ship:

$750, 000 + $260,000 = $1, 010, 000

or 15% of the total acquisition* cost of the
propul sion plant for the first shinp.

When the 2 nonths of savings for the second
ship are added, it raises the savings to
$1,310 000 per series, which is about 4.8%
of the total design, installation, and acquis-
ition cost of the propulsion plants for 4
ships. This is sunmarized in the follow ng

tabl e:
1st ship schedul e savings 5 nos. $750, 000
1st ship |abor savings 260, 000
2nd ship schedul e savings 2 nos. 300, 000

3rd & 4th ship 0
Total Savings 4 ships $ 1,310,000
Total Cost 4 ship Propulsion Plants 27,000, 000
Savings (% of total cost) 4. 8%

It should be renenbered that the 4.8%is a
m ni num nunber based on conpany savings
limted to directly related shipyard costs,
as a percentage of an estimte of total
costs includinﬂ all |abor costs burdened
with full overhead plus the full purchase
price of the plant equipnent.

Acqui sition costs are based on a paper by Jose Fenenia
titled, “Econom c Conparison of Various Mrine Power
Plants”, presented at the SNAME annual neeting in New
York on 11/15-17, 1973.
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If in lieu of looking at the estinmated savings in
relation to the total design, installation, and
acquisition cost for a steam plant, one exam nes the
savings in relation to the shipyard s propul sion plant
costs, exclusive of the purchase price of the conpon-
ents, the advantages of standards beconme nore dranatic.
Takln% t he shipyard design and installation costs for
t he 26,000 SHP steam plant at about $1, 900, 000* the
| abor savings would be about 14% When the val ue of
the schedul e savings (which apply to the total ship)
are added, the savings work out to about 55% of the
yard propul sion plant installation costs for the first

ship.
| nt egrated Savi ngs for Additional Ships

Total savings on the class of 4 ships would be
about 20% of the shipyard design and installation costs
for the class.

| nt eqrated Savi ngs for O her Ships

The overal | percentage savings for other steam
pl ants were assunmed to be the sane as for the 26,000
SHP plant. For diesel plants, the estimated value of
t he | abor savin?s devel oped in the study mas_ap?roxinate-
ly the same as for the steam plant. The estimated
schedul e savings from application of Goup | and G oup
| V Procurenment Standards for the first ship were about
4 nmonths versus the 5 estimated for the steam pl ant.

2.3.4 Projected |ndustry-Wde Savi ngs

The total savings for the decade were cal cul ated
usin% 4.8% (the average savings for a series of 4 ships)
of the acquisition and installation costs of the power
plants projected to be installed over the decade. Wth
total acquisition costs estimated to be about $2 billion
t hese savings were calculated to be approxi mately
$96, 000, 000 for the decade.

Shi pyard design and installation costs for a 26,000 SHP
steam plant were taken fromthe results of the separate
?tUEy performed by Ingalls Shipbuilding Division tor this
ask.

I'l-26



I11.  PRINCI PAL FI NDI NGS



[11. PRI NCI PAL FI NDI NGS

This section summarizes the principal findings and
conclusions of the study. |Its contents are as follows:

. The overall results of the shipbuilding and
propul sion plant forecast.

. A qualitative evaluation of the applicability
of standards.

. The potential economc benefits of selective
application of standards.

3.1 THE SH PBU LDI NG FORECAST | NDI CATED THAT U.S.

SV FPRUFULSIT UN FLANTS

The objective of the forecast was to indicate the
nunbers of the various types and sizes of power plants which
woul d be required for the next decade. \Wile any forecast
Is subject to a variety of unpredictable economC and
political factors, the forecast as developed in this study
provides a valid basis for selecting candi date propul sion
pl ants standards and evaluating their technical feasibility
and econom c benefits.

The forecast indicated a U S shipbuilding |evel of
about 35 ships (10,000 deadwei ght tons and over) per year
woul d be maintained for the next ten years. These ships
woul d require the follow ng propul sion plants:

Nunmber Proj ect ed

Type
St eam 185
Gas Turbine 110*
Di esel 15%

370

Note:  Some ships are forecast as twin screw, thus requiring
twin propul sion plants.

*Forecast as of June 1974. Recent ower | ant ana is done
by BIWand Ingalls Shipbuilding 'hd catespdiesel m}yf pre-
dom nate over gas turbine for comercial ships during the
first half of the next ten-year period.
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~ An estimate was nmade of the probable nunbers of the
various types of steam plants as foll ows:

Type Nunber Proj ect ed
Steam Plants with 2 Boilers 90
and 2 Heater Cycles
Steam Plants with 2 Boilers 80
and 4 Heater Cycles
CQther Steam Plants 15
185

The present high cost of bunker fuel and the resultant
demand for nore efficient cycles may eventually prove that
the nunmber of single boiler plants, reheat cycles, and com
bi ned cycles may have been underesti nated.

The gas turbine Erine movers installed on ships in the
future will probably be the heavy-duty industrial type. rather
than aircraft derivatives. This type permts the utilization
of |ower cost bunker fuel and |ower naintenance costs.

- Diesel plants are likely to be conposed of nultiple
units of medi umspeed engines until a U S. conpany obtains
a license to build a foreign slow speed diesel design

In view of the continuing U S. shipowner preference
for steam and the resulting |arge nunber of steam units fore-
cast, it was concluded that the principal enphasis of this
study should be placed on selecting and evaluating the
standards for steam propul sion plants.

3.2 A QUALI TATI VE EVALUATI ON OF THE APPLICABILITY OF
STANDARDS

The results of the qualitative evaluation of the various
types of standards are summarized as foll ows:

3.2.1 Total Propul sion Plant Standards (G oup |)

These are basic standards required for
structuring the total propulsion-plant
syst em

The principal benefits are in reduced
design effort and shorter design and
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constructi on schedul es.

. The design hours saved are generally those of
t he experienced engineers. This, coupled with
the increased utilization of |ess skilled
techni cal personnel to prepare the design,
woul d help alleviate the critical shortage of
engi neers.

. Use of this standard in the contract design
should mnimze the errors which now tend to
be introduced by prelimnary and inconplete
vendor packages; thus, allow ng the detai
design to proceed nore snoothly.

. This is a difficult standard to wite as it
must be flexible enough to cover a number of
ship designs and yet specific enough to provide
technical information required for designing
t he propul sion plant.

w

. 2.2 Equi pment/ System Mdul e Standards (Goup 11)

. The use of locally designed nodules for _
proPuIS|on pl ant sub-systens has received w de
applicability in U S  shipyards today.

. The large variation in ship size, machinery
arrangenent, and type of requirenments for
i ndi vidual nodul es would minimze the advantages
of nodul e standards.

. The resultant market for nodul es constructed to
standards may be too small to attract nodul e
manuf act urers.

3.2.3 Equi pnent Envel ope Standards (Goup I|11)

. Use of Equipnment Envel ope Standards woul d al | ow
i nterchangeability of equipnent from different
manuf act urers.

. Their application would permt a shipyard to
proceed with the design prior to selection of
a manufacturer as the equipment base and al
interface points would be identical for the
various manufacturers.
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Equi prent Envel ope Standards woul d permt
preparation for the installation and connection
of the equipnent prior to its delivery.

The required envelope mght require extra space
in the engine room This could be especially
critical tor equipnent having a requirenment for
t ube renoval

Sone savings in design would be elimnated if

Pipe stress requirenents change due to various
ocations of connecting pipes within the

envel ope.

The response of the manufacturers of equipnent

was positive to the envelopes. They felt that

they could cooperate wth the shipyards w thout
detriment to their own interests.

3.2.4 Individual Egqui pnent/ Conponent St andard

(Goup 1V)

Dat a St andar ds

The benefit of Data Standards is in having
certified vendor information available when the
vendor is selected.

Al shipyard representatives were in favor of
applying Data Standards.

Data Standards can elimnate conmrunications

gaps and del ays caused by waiting for certified
vendor plans.

These standards can increase design efficiency
appreciably as the iteration cycle resulting
from updating of vendor information during
design would be elim nated.

Procurenent Standards

The Procurenent Standard includes the inform-
tion fromthe Data Standard and the |egal terns
and conditions for procurenent.

The industry is generally in favor of the
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Procurement Standards (as with the case of the
Data Standards), with the exception of those
shi pyards which require adherence to their own
specific terms and conditions.

Procurenment Standards can be effective in
reducing the cost and time for procurenment of
equi pnent as the majority of the terns would
be pre-established. Procurenent Standards can
rﬁduce negotiations, but will not elimnate

t hem

Har dwar e St andar ds

Har dwar e Standards woul d provi de appreciable
savings in engineering, procurenent, and
producti on.

These standards would permt reduction in
owner’s inventory of spare parts.

Har dwar d Standards may eventual ly evol ve out

of the general use of Datal/Procurenent Standards
for certain equipnent for which the shipbuilding
market is large.

Manuf acturers are generally opposed to these
standards, claimng that they woul d be inconpatible
with their existing industrial product |ine con-
sidering that the U S. marine market is a small
fraction of their total business.

Gener al

The Data Standard (devel oped with the Procure-
ment Standard) could first present the desired
standardi zed characteristics, operating
conditions, materials, dinensions, and other
Sﬁecial features of the class of conponent.
This is the specification towards which it is
desired the standardi zati on woul d proceed as
new designs are devel oped or ol d designs nodi-
fied. Interchangeability would be the ultimte
end product. Section 2 of this standard woul d
then present the data bank of avail able conpon-
ents on the market including in the proper for-
mat all of the pertinent features of each
escr|ged unit In a manner parallel to the
esired standard. Sych a Data Standard woul d
forma solid base for devel opi ng Hardware
St andar ds.
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3.3 THE POTENTIAL .ECONOMIC BENEFITS OF SELECTIVE
" APPLICATION OF STANDARDS

The potential economc be?eggts of .the se ectivF.
application of Propulsion pl ant Standards can be realized at
various stages of design, procurenent, and installation of
equi pment. The benefits result prinarily from reduced nan-
hours and shorter construction schedule tjines. These
savings were documented in[Chapter IT. ] S0ne adjustnents
to the econom c advantages presented may be required to
account for the cost of developing and inplenmenting the
standards when the plans are fornulated for the standards
devel opnent .

The conservative approach taken throughout the economc
anal ysis_provides increased confidence that the inplenenta-
tion of [Goup I.] Total Propulsion Plant Standards in com
bi nation wi th[Goup TV.] Data/Procurenent Standards, can
S|8n[f|cantly reduce the installed costs of Rr?ﬂulﬁion pl ant s
and inprove ship producibility in the US rther conser-
vative aspect of the analysis was the approach to estimating
dol I ar savings of the reduced construction period. Various
shi pyards and owners mght estinate the benefits differently,
but all would conclude that earlier delivery offers shgnifi-
cant financial benefits under normal conditions. A shrpyard
could distribute their fixed overhead to a greater number of
shi ps produced per year and increase their profit or reduce
the price of ships proportionately. Again, if the contract
period can be shortened, a shipyard mgyl .have | ess concern
over rising costs due to inflation. shi powner could put
the new ship into service sooner and begin to earn revenue.
earlier. ere is yet another benefit to the owner due to a
shorter delivery tine. He doesn’t have to be concerned as
much about possible changes in the econom c environment from
tﬁpse whi ch provided the justification for his ordering the
shi p.

Anot her val uabl e benefit due to standards that nust be
stressed is in the reduced engineering man-hours, nost of
whi ch woul d be saved by senior engineers and designers. Thus
sel ective application of standards would certainly result in
reduced design cost and would help to provide sone relief in
the critical shortage of engineers and designers, particularly
in the area of nachinery.

| n assessing the econom c benefits of standards, it
shoul d be appreciated that devel opment and inplenentation wll
take time, and therefore, several ears may have el apsed before
the potential benefits are realized.
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Sone of the U S. shipyards have devel oped or intended
to deveIoP their own ship designs. Al so, some of the yards
have devel oped close working relationships with certain
manuf acturers of equipnent. In effect, this has provided
these yards with a formof data and procurenent standards.
Consequently, these yards may have less to gain fromthe
proposed industry-w de standards.

The dollar and schedul e savings estimated in this study
stemprimarily fromthose ships which are either one of a
kind, or first of a class.

The | abor savings that result from the conbined G oup
[]:]'Total Pl ant Standards and[ G oup IV,!Procurenent St andar ds,
to a 26,000 SHP steam plant ted to be worth about
$250, 000 on the lead ship. The |abor savings by thenmselves
are about 4% of the total acquisition costs or about 14% of
the shipyard design and installation costs.

This conbination of standards shoul d ﬁernit a reduction
of at least 5 nonths in the schedule for the first ship in a
series (26,000 SHP steam plant) and about 2 nonths in the
second ship of a class. An analysis of the time dependent
costs associated wth small to medium size ships built at
Bath Iron Wrks over the |last twelve years has identified
$5,000 to $10,000 of fixed overhead and service costs per
ship for each calendar day the ship is in the shipyard.

Taking savings at $5,000 per ship per calendar day, the
schedul e savings are about $750,000. Thus, the total savings
for the first ship in a series are about $1 mllion. This is
15% of the total acquisition cost of the propul sion plant.

Considering the potential savings of 2 nonths in the
second ship of a series, raises the total savings for a class
to about $1.3 million. This represents about 4.8% of the
total acquisition and installation of the propulsion plants
for a series of 4 ships.

[f in lieu of looking at the estimated savings in
relation to the total design, installation, and acquisition
cost for a steam plant, one exam nes the savings in relation
to the shipyard s propulsion plant costs, exclusive of the
Burchase price of the conponents, the advantages of standards

ecome nore dramatic. Taking the shipyard design and
installation costs for the 26,000 SHP steam plant at about
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$1, 900, 000, the |abor savings would be about 14% When the
val ue of the schedule savings (which apply to the total ship)
are added, the savings work out to about 55% of the yard
propul sion plant design and installation costs for the first

shi p.

~ Potential maximum total savings for the decade were
estimated by taking 4.8% of the total acquisition and instal-
| ation costs of the plants projected for the decade (about

$2 billion 1974 dollars). |f propulsion plant standards were
devel oped and used for the entire 10 year program tota
savings from the conbined application of Goup |, Total PIant

Standards and Goup 1V, Procurement Plant Standards would be
about $96, 000,000. The 96 mllion 1974 dollars of potentia
savings for the U S. shipbuilding industry during a decade
could not be totally realized as It assunes that the savings
woul d be applicable to all commercial ships built in all US
shipyards. As some U S. shipyards already have their own
conpany standard designs, processes and procedures, these
savings would not be fully applicable to all of the yards.

It also takes tinme to develop and inplement standards.
However, given an active national standards programwth
four to six shipyards participating, total savings of over
$30 nmillion shoul'd be realized.
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V. CUNCLUSI ONS AND RECOMVENDATI ONS

4.1 CONCLUSI ONS

Devel opnent and inplenmentation of propul sion plant.
standards is both feasible and desirable. Early enphasis
shoul d be on Total Plant Standards and Procurenment Standards.

The savings that can be realized fromthe application
of these standards to a 26,000 SHP steam plant include:

. Labor savings of about $250,000 on the first
ship in a series.

. Schedul e savings of 5 months in the lead ship
whi ch woul d contribute additional savings on
the first ship of $750, 000.

. Schedul e savings of 2 nonths on the second
ship in a class, saV|nP about $300, 000,
rai sing savings on a class to $1, 300, 000.

. Total savings on a class of 4 ships would be
4.8% of the propulsion plant acquisition and
installation costs.

. Total savings on the class of 4 ships would
be about 20% of the shipyard design and
installation costs for the class.

For any one individual shipyard, these savings could be
modi fied depending upon to what degree they have already
standardi zed their designs and technical and procuremnent
procedur es.

Application of Total Plant Standards and Procurenent
Standards to the propulsion plants projected for the decade
woul d save nearly $100 mllion on plants which will have an
installed value approaching $2 billion.

4.2 RECOVMENDED NEAR- TERM ACTI ONS

Adoption of standards and realization of their potential
savings can only be achieved when the shipyard managers are
convinced that the potential results indicated in this report
are achievable in their yards. Only then will they be likely
to apply the amount of top managenment attention that wll be

V-1



needed to overcone the early resistance of some owners,
suppliers, or shipyard executives.

It is recomrended that a pilot program be initiated for
devel opi ng one Total Propulsion Plant Standard and one or
nore Procurenent Standard with associ ated Data Standards
for each equipment supplier's conponent. These standards
shoul d be applied to a new shipbuilding programin one or
more U. S. shipyards to nmeasure the ability of standards to
reduce propul sion plant engineering and installation costs.
The specific plant and conmponents for each standard woul d be
selected by the Propulsion Plant Standards Advisory Council
or sonme other industry commttee such as the SNAME Ship’s’
Machinery Committee. The shlpyard managers and ot her key
maritime executives should be fully briefed on the results
of this pilot program and the potential benefits of selective
use of standards. |If the pilot program confirnms the projected
benefits and feasibility, the programfor jnplenmentation of
standards should be continued to cover all| Goup I,| Tota
Propul si on Pl ant Standards and a|||t10up i . jconponent
Procurenment Standards.

Both the shipyard managers and the Maritine Adm nistra-
tion should give their continued suPPort to the Frogram
because of its high potential pay-off to shipbuilders, ship-
owners, and the supplier industry.
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] 76-85

SHIP TYPE owrx1000 | 1973 )74 {75 | 76| 77 |78 | 79 |80 |81 |82 |83 |84 85| 10 vEaR

80 LU L 'IDTAL
Containex 14.6-20 - al 2 2 2| - -1 112]| 2144} a4 20
Carrier
RO/RO Ship 14.1-20 - 2| 2 1] 2| -] 2 2}2|] 2}3]3] 3 18
Barge 22-28 - 4l 3] 3] 2| 3| 3|3}|3| 3|54l 4 33
Carrier
Bulk 19,29,80 5 a4l 3| 3| 213! 33|34} 5|55 36
Carrier
OBO Carrier 80 - - 1 1 1 - 1 - 1 1 - 1 - 6
LNG Ship 64-100 9 41 5] 5| 5] 5| 4] 4|4a] 4] 44| 4 43
LPG Ship 27-45 - -l -1 32l 2t 2} 2212} 2}21]2 2 18
0il Tankers 25-37 9 10| 9| 9{ 6]l 5| 5| 6|6) 71 71|6] 7 64
0il Tankers 50-90 10 6| 71 6| 71 6| 6| 6| 6| 6| 6| 7] 6 62
0il Tankers 120-180 - 3|13} 2| 2|2 3}3 (3] 11112 19

SN
0il Tankers 225-265 3 2 Py §/£/éc 2 21212 21111] 1 20
iy/gf/ég B .
0il Tankers | 400 - - ,/yf/;i%,424 222|212 |21]1 15
74 _ i

TOTAL 36 39 |40 |38 33 |30 |31 [33 |35 |35 |39 |39 38 354

SHIPS TO

A

FORECAST IN EARLY 1974

N —

TARLE 1

BE CONTRACTED FOR IN U.S. SHIPYARDS
s

777/
[,

Unlikely due to
depressed tankea




SHPX1000 15-17.5 24-26 28.5-32 36-40 43-45 S0 TOTAL

YEAR
1976 1 8 3 10 4 2 28
1977 2 7 3 9 2 - 23
1978 1 8 2 8 2 1 22
1979 - 9 2 6 1 1 19
1980 1 7 2 5 2 - 17
1981 - 7 2 7 1 1 18
1982 1 4 2 7 1 - 15
1983 1 4 2 6 - 1 14
1984 - 5 2 5 1 1 14
1985 1 4 2 5 1 1 14
TOTAL 8 63 22 68 15 8 184

FORECAST OF STEAM TURBINE PROPULSION PLANTS

BY SHP 1976 THROUGH 1985




TEN-YEAR
AM PLANT CYCLE SHP x 1000 76 77 78 79 80 81 82 83 84 85  _TOTALS
Boilers 16 1 2 1 - 1 - 1 1 - 1 8
Stage~Heating 25 8 7 8 9 6 6 3 3 5 4 59
30 3 3 2 2 1 1 1 2 2 2 19
Boiler 37 10 9 8 6 4 6 6 5 5 5 64
r Stage-Heating 44 4 2 2 1 1 - 1 - - 1 12
50 2 - 1 1 - 1 - - - 1 6
Boiler - Two Heaters 25 - - - - 1 1 1 1 - - 4
30 - - - 1 1 1 - - - 3
Boiler - Four Heaters 37 - - - - 1 1 1 1 - - 4
eat Cycle* 44 - - - - 1 1 - - 1 - 3
50 - - - - - - 1 1l - - 2
AL NO. OF PLANTS 28 23 22 19 17 18 16 14 13 14 ig4
-YEAR TOTALS BY TYPE OF CYCLE
Boilers-Two Heaters: 86
Boilers-Four Heaters: 82
Boiler-Two Heaters: 7
Boiler-Four Heaters: 4
2at Cycle: 5 % * Present high cost of bunker fuel may
increase number of reheat plants.
TOTAL 184 :

STEAM PLANT FORECAST BY CYCLE TYPE




SHPX1000 12.5 20 to 30 35 40 60 TOTAL

YEAR
1976 3 1 - - - 4
1977 2 3 - - - 5
1978 2 3 - - - 5
1979 2 4 1 1 0 8
1980 2 4 1 1 1 9
1981 3 6 2 1 1 13
1982 3 7 2 2 1 15
1983 3 6 4 1 4 18
1984 3 7 3 1 3 17
1985 3 7 3 1 3 17
TOTALS 26 48 16 8 13 111

FORECAST OF GAS TURBINE PROPULSION PLANTS

BY SHP TO 1985




SHPX1000 7 14-18 28 TOTAL

YEAR
1976 2 5 - 7
1977 2 3 1 6
1978 2 3 - 5
1979 2 4 - 6
1980 2 4 2 8
1981 2 4 2 8
1982 2 4 2 8
1983 2 4 2 8
1984 2 4 2 8
1985 2 4 2 8
TOTAL 20 39 13 72

FORECAST OF DIESEL PROPULSION PLANTS

BY SHP TO 1985




APPENDI X B

Format for Standards



FORMAT FOR
GROUP-1 TOTAL PLANT STANDARD
STEAM TURBI NE PROPULSI ON PLANT



=2}
o

o

TABLE OF CONTENTS

3.2 Standardized Parameters

3.3 Basic Minimum Requirements
Heat Balance for the Plant Cycle
L. 1 Required Data

4,2 Heat Balance Diagrams
Systems Diagrams

5.1 Steam Systems

5.2 Condensate System

5.3 Feedwater System

5.4 Drain Collecting System(s)

5.5 Auxiliary Systems

Available Standards for Equipment and Components

Reference and Source Material

Index

Table of Contents

Tables

Figures

Appendices

Copyright page (if needed)



1. Title

Use: Anmerican Marine Standard Specifications for a Marine Steam
Turbine Propul sion Plant.
2. Abstract
This standard is a top-level reference document which contains
the technical information necessary to define and describe a ___ SHP
to __ SHP marine steamturbine propulsion plant with ___ stages of
feedwater heating. It is intended for use in developing the design of
shi pboard steam propul sion plants; and the basic mninum requirenents
set forth in the standard are to be conplied with.
3. Foreword
(This foreword is not a part of the American Marine Standard
Specifications for a Marine Steam Turbine Plant.)
This Anerican Marine Standard specifies the basic mninumrequirenents
for marine steam turbine propulsion plants. The standard itself is a
culmnation of the National Shipbuilding Research Program and specifically
of the Ship Producibility Program efforts. The objective of the standard
is to reduce shipbuilding design costs by providing standard requirenments
whi ch can be effectively used by the designer and the shipbuilder, or
both. it contains all the information at the systems |evel from which
specific detail designs can be devel oped to suit various types and sizes
of ships. A conplete heat balance diagramis included which can be used
with little or no nodification, depending on the size and type of ship.
Equi pment and conponents conprising the plant are |isted and specified
as to their basic performance and operational paraneters. Lower |evel
standards such as individual equi pment or systens standards which are to

be utilized in the total plant are referenced in the text.



The standard was devel oped under the Jurisdiction of

Suggestions for inprovement of this standard will be wel come. They

shoul d be sent to the

had the fol |l owi ng nenbers at the tine it

processed and approved this standard:

4, Text

Anerican Marine Standard Specifications for a Mrine Steam Turbine

Propul sion Plant.

1. Scope
This standard lists the basic requirenents and provides systens
di agrans and maj or equipment |istings for marine steamturbine propul sion
plants of __ SHPto ___ SHP range. Its use is recommended for the
devel opment of a detail design for the plant; and it is foreseen that
by using the information contained herein considerabie savings will be
obtained In the overall engineering costs for building the ship.
2. Definitions and Terminology
possibly 6thefs which may be
considered necessary by the Committee to develop the

standard) should be defined.



1. Automation 7. Galley

2. Auxiliary Exhaust 18. Hotel Load

3. Auxilary Load 19, Hul'l Punping

4, Auxiliary Steam 20. Line Bearing

5. Ballast Punping 21. Low Pressure Bleed Steam
6. Bilge Punping 22. Machinery Space

7. Boiler Fuel Rate 23. Machinery Support Load

8. Cargo Heating 24, Main Steam

9. Cargo Punping 25. Maxi mum Continuous Service
10. Condensate 26. Mbdul e Standards

11. Desuperheated Steam 27. Non-extraction Steam Rate
12. Distilling Plant 28. Qperational Mssion

13, Eut hal py 29. Port Condition

14, Equi prent / Conponent St andar ds 30. Superheated Steam

15. Feed Water 31. Thrust Bearing

16. Flow 32. Turbine Steam Rate

3. Description of Propulsion Plant

This standard covers a geared steam turbine propul sion plant
installation to be used in driving ship's propeller(s) through the
wat er .

3.1 Block Diagrams for Plant-and Systens

The total plant shall conformin general to the cycle |oop

and bl ock diagrams shown bel ow
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3.1.1 The main systems that comprise the total plant are as

shown in the following block diagrams

TOT PLANT

MN PIPING SYS AUX SYS MAIN SvYS SUPT 3SYS

3.1.2 The propulsion systems consist of the following elements:

MAIN sYS

REDUCTION GR AUTQMATION

SHAFTIN G




.3.1.3 The auxiliary systems contaln the following subsystems

which are required for operation of the propulsion system:

AUX sSYS

F.Q, SERV

F.O0. pUPAF S.W. ciIre

S.W, SERV L.0. 5

TRV

3.1.4 The sub-systems shown below are contained in the main piping

systems:

o g
MN PiPING S\’b:

- p—

-

is'rz&u\ sYST CONDENSATE S FERD SYST

DRN ccill STs

3.1.5 The supporting systems are those which are required for

ulsion system. For the purposes

of this standard, the supporting systems should be assumed

to be of a general nature and not specific to any type or

size of ship.




SUPT SYS
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DIST PLANT
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F.O. TRAuS

HULL PUNPING
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3.1.6 The steam piping systems segment of the main piping systems -

shall be further subdivided into

auxiliary steam systems:

STEAM sYST

the following main and

MAalN STEAM

AUY STEAM

"JAUX GXH STM

STM UEATING]




3.2 Standardized Parameters
The following total plant parameters shall be standardized:
3.2.1 Steam Conditions at Boiler Superheater Outlet:
Pressure: __ lbs/in2 gauge (_ Kg/cm2 g)

-Temperature: °F ( °c)

3.2.2 Main Condenser Vacuum: in. Hg ( cm. Hg)

QF (‘ Oc)

3.2.3 Sea Water Temperature:
3.2.4 Ambient Air:
o

Temperature:

Relative Humidity: g

- - ~ _1L e _ A Y
Dol D nacntinery ospace Air:
i O ¢ Ony
iemperatlure, T\ )
Dalasrtie Lhial AT +eee 9
NCIdLlLIVE BIUtJYiI LY. <
2 2 Bactier Minimiim Rannl ramante
de 2 oasiC Aainimum nequircimcie

Should any of the required data for heat balance diagrams as
delineated in 4.1 differ, for the specific ship application, from the
values shown in the standard, the heat balance dlagrams should be

modified to account for the changes.



4. Heat Balance for the Plant Cycle
Heat bal ance cal cul ations were performed using the standardized
paranmeters and basic mnimumrequirenents specified in 3.2 and 3.3, for
the followng three service conditions:
Maxi mum Cont i nuous Service Condition
Port Condition

Qperational Mssion Condition

Note - |Figure 1 is a sanple heat balance diagram The standard

{’ when completed shall have one separate diagram for each

of above conditions.

a far Haat R
gegq 101 wSaL ©

b1 R

amittrad Dat

!\b\iul!\—\d w
in performng the hat balance calculations, the data shown bel ow

were utilized as basic requirenents in accordance with reference [1]°

4.1.1 Steam conditions at Superheater Qutlet

Pressure ___ Ibs/in’g (Kg/cnig)
Temperature __ °F (°Q

Enthalpy _ BTUIb (Kcal/Kg)
Flow Quantity _ lbs/hr (Kg/hr)

(See heat balance diagrams for steam conditions at

other locations.)

4.1.2 Feed Water Conditions at Inlet to Boiler:
Pressure: ___ Ibs/in’g (Kg/cnig)
Temperature: °F (_°C
Enthalpy: __ BTUlb (._K cal/Kg)

Flow Quantity: ___ Ibs/hr (_Kg/hr)
(See heat bal ance diagrans for feed water conditions at

other points in the cycle.)

Nunbers in brackets refer to listing of references in Section 7.



Lo1.h

4.1.5

L.1.6

Candancar CAanditinnce

A A WIR R )= § P Loy § WA L b WD e

Condenser Vacuum: in Hg ( cm. Hg)
CSea WUater Iniactinan ats O: { ol‘\

23 wWailcd ajeLlio Soe [ ~ys
Condensate Temperature: % {( ¢)

Fuel 0il and Air Conditions:
No. Fuel 0il

Higher Heating Value: BTU/1b ( K cal/Kg)

Air to Forced Draft Fans: __ °F ( __ %)
Consumptions and Losses:

Boiler Efficiency: . %

Boiler Fuel Rate: __ 1bs/SHP hr ( ___ Kg/SHP hr)

Main Turbine Non-extraction Steam Rate:
___1bs/sHP hr ( __ Kg/SHP hr)

Auxiliary Loads
Distilling Plant Load: __ GPD ( __ Tons/day)
Turbo-Generator Load: ____ KW
Heating and Hot Water Loads: ___ GPD ( ___ Tons/day)
Air Conditioning Load: __ KW
Miscellaneous Steam Load: ____ libs/hr ( ___ Kg/hr)
Equipment Operating Conditions

r For the standard, operating conditions such as
working pressures, relief pressures, system
losses, efficiencies, etc., for all major

equipment that make up the cycle loop for the

(L plant should be listed and ranges specified.



5.

4.2 Heat Balance Diagrams
4.2.1 Maximum Continuous Service Condition
r For the standard, a definltion of the maxXimum
service conditlon should be Included here along

with major specific limitations - Figure number

L for diagram should be referenced.
4,2.2 |n-port Condition
{Definition, Specific Limitations, Diagram
4.,2.3 Operational Mission Condition
{ Definition, Specific Conditions, Diagram
Systems Diagrams
% For the standard, systems diagrams shall be developed for all
of the systems iisted below. Typlcally, each diagram shall consist
of a one-line piping schematic showing the subject pliping system
with symbolic representations of all relevant equipment, materlals
such as valves, fi;tings, flanges, and instrumentation. Valve,
pipe and fitting sizes shall be indicated on the diagram. Tables
shall be included which list materials and their specifications,
maximum allowable fluid velocities, pump and other equipment types,
sizes and capacities.

Sample systems diagrams are included in this draft proposal to be

used for guidancé in preparing the finished standard |(Figures 2

P

L through 10).




Sample tabulations for material specifications, velocities, and

equipment are included in this draft proposal for use as a guide

in preparing the standard. (See [Tables 1,:E]and 3.)

5.1 Steam Systems

5.1.1 Main Steam System
r For the standard, a brief description of the main

steam system shall be presented here.

Figure 2 |s provided in this draft proposal for

_ guidance In preparing the standard.

5.1.2 Auxiliary Steam System

{.Brief description of the auxiliary steam system -

Sample diagram included here in|Figure 3.

5.1.3 Auxiliary Exhaust System

{Brief description

Sample diagram -|Figure &

5.1.4 Steam Heating System
Brief description of the steam heating system and
ja schematic diagram shall be included here in the
Lstandard.
5.2 Condensate System

rDescription of the condensate system shall be included. Sample

diagram, |Figure 5,| included in this draft proposal for guidance

in preparing the standard. However, Figure 5 Includes not only
{ the condensate system but also the feed water, boliler blow and
boller water sampling piplng._ For the standard, It may be proper

to separate these systems from one another by showing all but

. the system In question in phantom lines.



5.3 Feed Systems
f Brief description of the feed system.
Separate diagram for the feed water piping shall be

developed and included here in the standard. For

\ guidance, see |Figure 5.

5.4 Drain Collecting Systems
Brief description of system shall be included.
Separate diagram shall be included. For guidance,
see Figure 5.
5.5 Auxiliary Systems
These systems cover all auxiliary equipment and installations
which are required for operation of the propulsion plant.
5.5.1 Fuel 0il Service System
¢ Brief description shall be included.
(F.0. Purifier should be treated with the

service system.)

\ Sample diagram,|Figure 6,| included for guidance.

5.5.2 Salt Water Circulating Systems

[ Description of the system shall be included.

LSample diagram,| Figure 7, |included for guidance.

o

ystems

5.5.3 Salt Water Service
y Description of the auxiliary condenser S.W. piping

and other S.W. systems in the machinery space shall

\

inch n thae erandard Cam
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LFigure 7, can be used for guldance.

5.5.4 Lubricating 0il Service System

[ Brief description of system shall be Included.

Sample diagram, |Figure 8, [is included for guldance.




5.6 Propulsion Systems
These systems Include the major equipment allied with the
main propulsion plant which are required for operation of the ship.
rFor the standard the information shown under each of the
systems listed below shall be developed, and the resulting

data shall be included in the standard in the form of

_figures, tables, etc., as appropriate.
5.6.1 Shafting System
o Dimensional diagram
PR ¥ RN 1] es an
o Bearing types and locations

o Thrust bearing (may be integral with the

o Weight and force diagram
5.6.2 Reduction Gear System
o Type
o Load factors
o K-factors
o Gear dlagram
5.6.3 Automation System
o Type of system
- Degree of automation
- Duration
- Locatlion of controls
o System block dliagram

o One-line diagram

o Service requirements



5.7 Supporting Systems
rFor the standard, the information shown under each of the
supporting systems listed below shall be developed, and

the resulting data shall be included in the standard in

lthe form of figures, tables, etc., as appropriate.

[~ 2 1 'l, a A AA__,,, = A
Dol 1ectir wene lng bystem
a Hatel laad
“ AN o PNIFA -

o Auxiliary load
o Machinery support load
5.7.2 Distilling Plant
o Required Capacity
o Efficiency
5.7.3 Air Conditioning, Ventilation
o Required load
5.7.4 Hull Pumping Systems

o Blilge Pumping System

rs

(Sampie diagram,|figure 9,| included for guidance)

(o]
oo
)

rS amp nle which rovides the

n
P PIWVTINSD wite

! interface of both bilge and ballast systems,
lcan be used for guidance.
o Fire fighting system

§.7.5 Fuel 0Il1 Transfer System

(Sample diagram,| figure 10, Is included for guidance.)

5.7.6 Lubricating 0ll Transfer System

(Sample diagram, |figure 8, |can be used for guldance.)




6. Available Standards for Equipment and Components
f The total plant standard, at the time of its writing, can utilize,
if found necessary and appropriate by the preparing activity, any

lower-level equipment, component or systems standards which may

have been prepared, approved and published. | Table 4 [is Included

in this draft proposal for use as a guide in preparing the

standard.

7. Reference and Source Material

r For the étandard, the activity preparing it should review tﬁé
references and source materials which are listed below for guidance,

add or delete appropriate references and prepare a final reference

\list for publication:
7.1 General References
0 Society of Naval Architects and Marine Engineers,
"Technical and Research Bulletin No. 3-11, Heat Balance
Practices'1973
o M. Rosenblatt & Son, lnc., '"Propulsion Plant Standards
Feasibility Study," April, 1975.
7.2 American National Standards and American Marine Standards
[ The activity should establish if any American National

Standards or American Marine Standards exist which have

direct jurisdiction over the subject matter; and if there

Lare, should include them in the reference listing.

8. Index

fSince the subject standard will be rather-lengthy, and in order
to facilitate its use, the published standard should Include a
4 comprehensive index based on the final write-up for easy cross-

referencing. The index should be arranged in alphabetical order

\to agree with AMS Style Manual requirements.



te

S§. General Notes

The present ''Draft Proposal for '‘American Marine Standard
Specifications for a Marine Steam Turbine Propulsion Plant' Is Intended
to serve as a guide to the Activity which will be assigned the function
of developing the actual standard. As such, it is prelimlinary and
tentative. Subject matter of the text and the format of the proposal is
arranged in general conformity with the "AMS Style Manual" requirements.

However, when writing the final draft, complete conformity with
the requireménts of the AMS and ANS| Style Manuals should be prévlded
in the following areas:

(Numbers referenced are applicable '"ANS! Style Manual' section and

article numbers)

Spelling 5.2
Hyphenation 5.3
Capitalization 5.4
Abbreviations 5.6.1 and 5.7
%abies 6.2
Figures 6.3

Notes and footnotes 6.5

References 6.6
Revision Section 6.7
Units of Measure 7.2
Word Usage 7.5
Numbering System 5.1
Trademarks and 7.4

Proprietary Info.

Permission for ’ 7.6
Copyrighted tnfo. *
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TABLE 1 MATER!AL SRECIFICATIONS
SYsSTEM |i1Ps PIPES JOINTS VALVES FITTINGS GASKETS
BUTTERWORTH |2 & |WELDED _ "|FORGED GALY. | CAST STEEL WROUGHT STL COMPOSITIQN
SEAWATER " "MBOVE| STEEL GALV [FLANGES ASTM| ASTM AZIG 62| GALY. ASTM ASBESTOS
SYSTEM cJASTM A-53 [A-1B), GRISLIP | WCB. FLANGED A-254, G ZADE SHEET -
) fTYPE B 6R B|ONWELDING | ANS B16.10  |WFBRBUTT | GAZLOCK
SCHED a0 | -I50PSLANSI[150 PS), ST. " | WELD SCHED| STYLE 7021
Bl6.5 STESL TPsM 40 ANSt BI6S
O% USE WELD-
ED BERANCHES
g GALY STEEL |BRONZE-ASTM|FOZGED STEEL
2L oW UNIONS ASTM|B-6I CR B=<6Z |GALY ASTM
_ A-18\ SCRD |Z200%s5¢cpD A-181,GR 2.
END.ST.STEEL|END OR BRKI{ SOCKET WELD
SEATS 30007 ED ANS| Bl6.11
' 3000%
BUTTEZWORTY 25" - BRZONZE - 300 .
e . X HOSE END
| : ’@, THDS PER
CH, MONEL
TZIM , -
BOILER PRESS.|2" € |s2AMLESS [FORGED STEEU CAST STEEL | wZoveuT o1 SPIRAL
DESUPERHEATEIABOVE STEEL PIPE |FLANGEDS ASTM ASTM A-Z16 | ASTM A-234 | WOUND
STEA ASTM A-106, [A-IO5WELDING GRWPE FLANG] GR WPB BUTT [METALLIC
GRB . |NECK GO0 PsSI[ED ANSI BiLIC| WELD Soner ASBESTOS
SCHED B0 ANSI B16.5 | G0O0PS|,CHRO-| 80.ALSI B169]| GAR LoCK
ME ALLOY . . STYLE 555
(AIS].410 CB) TYPE CR

FORGED STeEL
FLANGES A3TM
A-105, SOCKET
WELD SCHED

80, ANS’ B, "‘l’ls

FonGED STEEL
ASTM A-10S8
SOCKET WcLD
GO0 PSSt &5
ce STFLUTE;

'TDHA

SORGED TTEEL
ASTM A-105
SOCLKET WELD
i Yole) PSI AM 23|
BlG.1) .




MAXIMUM VELOCITIES

WATER ; | sTEAM : |
. : ,
rviod] TUOWITENP ps [VELOE T gipor | FLON | TERP | pg ELOCT
A 857 77 é" ‘| 568 ° V J SQOOO 540 5" 4,08'1
B gso0 | oc " | 566 K |50,000| 440 { &" |11,054
c | 4st | 77 6" | 301 |
D 451 + 77 50 | a34
= g5z | 77 6" | 568
'F | 8a1. | 200 et | se7 |
G 1O | 4O Zu S77
H 1Ot | 140 | 23" | acs

IABLE 2



FPUMPF TABLE

Ne OF icoesarrsucTtion] ToTaLl
DESCRIPTION TYPE | DRIVE 1< suc :
UnITS TTE Ve | GPt1 | LIFT  |AVAD F-
FIRE Z BUTTER WOR TH PUMP HORIZ | STEAM | ) -
| (EXISTIO G) CENTRIE| TuRE. 450 |FLOODEHA, 456
BUTTEZWORTH PUMP ORI Z ~
! MOTOR | 450 FLOODEL| 450
NEW : - =
- ( )- CENTRIF 9 -
' GENERAL SERVICE ¢‘F:HZE PLMPlHORIZ ¢ 35 Looper| 2 ==
(EXIST) LOCATED IN SHAFT ALLEY,|CENTRIF “’ 20 |FLeObELl ZzoS

TABLE 3

* 400 GPM AT 470 FT HEAU
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NOTES

{. ALL PIPING, VALVES AND FITTINGS TO MEET
RCQUINLWENTS OF THE USCC AND ARS

2. PP AMRANGEWENTS SHALYL BT DES'GNEDWITH
OUL RIGCARDFOR T AMAL EXPAKSION AND
AMLORABLE LOADS ON PUMPS AKD OTHER
LouIPMEIny

3. FLANCES FORAUSILIARY ST W aRE 10 BL USED
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BACHING MINSS

A, PIPING TOBE BENT TOA RADIUS OF S DIAVETERS.

3. ALL PPl (S ARE TO 8L PROVIDLD WiTH DRAND
WIAL NICL3ISARY

€. ALL %118V #1PING YO THE CONTAMINATED
IvarPORAICR AND M P BLITO STt amPimING
DC™NSTRI AW OF  AND INCLUDEIRG, THE CHITR

VALVL AT Ing 2 B TUSKNE ARE DISIGNED FORPULL - °

DLSUPEAN(ATLD STLAM PRESIURE OF 38D P3IG.
7. LOCATL OM Mats CONSOLE.

Diagrom of evailiery ond high-pressure bleed steom

FIGURE 3
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TABLE 4

I o

Equipment/Component

Standard
No.

Standard
Group

Remarks

Main Steam Boiler

Main Turbine (Set)

Main Condenser
Reduction Gear (Set)
Main Lube 0il Pump
Forced Draft Fan

Main Feed Pump

Fuel 0il Service Pump
Main Circulating Pump
Main Condensate Pump
Fuel 0il Heater

Lube 0il Cooler
First-Stage Feed Heater
Gland Exhauster

Drain Cooler
De~aerating Feed Heater
3rd Stage Heater |
Lth Stage Heater

Automation System
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1. SCOPE

2. DESCRIPTION

3. APPLICAELE STANDARDS

4. APPROVALS

5. ADDITIONAL DESIGN
INFORMATION

1. SCOPE

This standard contains the tech-
nical information necessary to
define and describe a centrifugal
punp suitable for salt water cir-
culating service. The information
has been certified as correct by
the vendor on {date).

2. DESCRIPTION

The vertical centrifugal pumps
described in this standard are
‘type LRV, single stage, double
suction, axially split, volute.
The ratings range in capacities
from 150-5,000 GPM and heads
from 13-300 feet. The LRV can
provide service for main con-
denser circulating, auxiliary
condenser circulating, bilge,
fire, ballast and general service,
refrigeration condenser and
brine circulating.

2.1 TYPE A typical LRV pump is
shown in Figure 1.

2.2 MANUFACTURER The manufact-
urer is Worthington Sales Company,

270 Sheffield Street, Mountain

Side, New Jersey 07092, Telephone
(201) 654-3300.

2.3 TECHNICAL CONTACT The tech-
nical contact is Mr. Kenneth C.
Hill, Engineer, Marine & Govern-
ment Department.

2.4 SPECIFICATIONS The spec-
ifications are listed below.

2.4.1 Casing The casing
is of the wvolute type and is
designed to produce a smooth
flow with gradual velocity changes.
It is dosigned for vertical mount-
ing with heavy-duty flanges for
base and motor mounting brackets.
It is split on the shaft center-
line for ease of inspection or
removal of interior parts. This
may be done without disturbing
piping connoction or pump align-

S pP<ily CLUINACLiOon KNaalyel

ment. The casing halves are
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sealed by a pre-cut gasket.
Casing halves are accurately
located by the use of straight
dowel pins. This eliminates the
possibility of a mismatch between
halves which would impair both
hydraulic and mechanical perform-
ance.

2,4.2 Impeller The impal~
ler is a double-suction enclosed
type. It is hydraulically bal-
anced by its inherent design.
The impeller is £irmly secured

to the shaft by a key and by
external shaft nuts.

2.4.3 Renewable Case Rings
The renewable case rings are .
locked in place and protected
against rotation by two (2) monel
pins. Securely held impeller
rings can be supplied as an
option.




2.4.4 Stuffing Box BushinG
A renewabl e stuffing box bushing
is provided which ensures freedom
from packing trouble.

2.4.5 Shaft Sl eeve Renew
abl e shaft sTeeves are provided
whi ch extend through the stuff-
ing box. They are securely
keyed and held in place with
shaft nuts Incorporating nylon
inserts for |ocking purposes.

2.4.6 Shaft The-shaft is
of heat-treated steel, ground to
accurate dimensions and polished
to a snooth surface. The shaft
sl eeves protect the shaft at the
stuffing boxes. The sleeves are
secured in lateral position by
external shaft nuts. The inpel-
l er keys are extended into the
hub of the shaft sleeve to pre-
vent slippage between the shaft
and the sleeves. Sealing to
prot ect against |eakage under the
shaft sleeve is acconplished by
the use of “O ring type seals,
| ocated between the sleeve and
the shaft. It is adequately
sized and designed to mninze
deflection. The maximum runout
of the shaft, at the stuffin
box face, will not exceed .002".

2.4.7 Bearings The bear-
ings are single row, deep-groove
type ball bearings. They are
designed and sized for at |east
100, 000 hours mini mum rated
bearing life. Each bearing is
capabl e of carrying both |ine
and thrust tyﬁe | oads. They
are securely held to the shaft
by an easily installed snap ring.
Special flinger, shaft sealing
Oring and labyrinth all protect
| ower bearing from water seepage.

_2.4.8 Bearing Brackets The
bearln?1 brackets are separate
fromthe pump casing and are
accurately mchined and dowel ed
to the casing. Perfect align-
ment between the housing an
casing results in accurato
alignment between rotor and
casing. Renoval of dowels per-
nmts rumoval of conplete rotor
assenbly without disturbing

pi pi ng, base, or nmotor.

HVWD BOXX Il - SAMPLE

2. 4.9 Packi ng- Mechani cal
Seals As a standard, stuffing
boxes will be packed with the
best quality graphited asbestos
packing. D e-moul ded packing
I's supplied, as a standard,
ensuring both a perfect seal and
an easy installation. Mechanical
seals are available, if desired,
and are easily interchangeable
wi th packing.

2.4.10 Cotplings A stand-
ard type flexibl'e coupling to
meet the specifications will be
furni shed by the punp manufact-

urer.

2.5 DI MENSI ONS The di nmensi ons

shown in[Eigure 2 dnd[Tables T |
and 2 pertain to the LRV punp.

2.6 MATERIALS OF CONSTRUCTI ON

Mat eri al or an | RV punp are
shown in| Table 3.

2.7 OPERATI NG DATA Typi cal

operating data for the LRV.punp
series is shown |nEIEEIm'EIand

th operating lintations as
shown bel ow.

2.7.1 Suction Ratings

Fl ooded suction is required for
proper operation of the LRV purrB
series. The required NPSH can be
obtained fromthe rating curve
shown in| Table 5. | The maxi mum
suction pressure for the LRV punp
series is 150 psi.

2.7.2 Tenperature Ratings
Tenperature ratings for standard
mechani cal seals is 212°F. Tem
perature ratings for standard
packed stuffing box is 250°F.
Note: Seals and packing are
avail able for higher tenperatures.

3. APPL| CABLE STANDARDS

Al aBlpI i cabl e standards will be
suitably referenced.

4. APPROVALS

proval s as required by the
standards will be obtained from
the proper regulatory bodies
(tABS). USCG U.S. Public Health,
etc.).



HMD BOOK IT - SAMPLE

FIGURE 2 TABLE 1
LRV PUMP DIMENSIONS . MOTOR DATA
P b ] . :

a ' oror o L we
’ b 23 20-/4 10-7/8 68
: 28 1 20-3/4 10-7/8 180
P17 24-3/2 13 308
, 256 17 24-3/4 13 270
: 284 TP 25-5/8 3 a0
: 286 T 25-5/8 13 ass
. - 324 T ar-1/8 14-2/4 400
326 ™ FYRV 14-3/4 430
364 T7 2321/ 16-1/4 s20
365 T as-1/3 16-1/4 530
408 TP 3%-9/% 18172 850
405 T 3-8 18-1/2 %0
a4e T 44-2/4 20-1/2 1180
s> 44-3/4 20-1/2 1330

NOTZS
1. A1l dimensiocas are in inches.

TABLE 2
LRV PUMP DIMENSIONS

P SUCT DISCH. D X Y P HA HD s z wT
3 Lxv-9 4 3 10-1/2 7-1/2 9 27-5/8 18 13 S$~1/4 5-3/4 398
3 Lxv-12 5 3 11-1/2 8-3/8 10-1/2 27-3/8 pt | 13 5-3/4 7~1/4 453
4 Lav-10 H 4 11-1/2 9 p8 Y 27-5/8 18 13 $=3/4 6-1/4 453
4 LRv=11 $ 4 2 pi 12=-1/2 30=2/8 18 13-2/8 6=-3/2 6=1/2 439%
4 Lxv=12 6 4 bb ) s n 27978 18 13178 6-3/8 7-3/4 85
4 Lxv-14 6 4 13 12 312-172  30-7/8 18 13-7/8 6-3/8 7-5/8 570
3 Lxv-10 [ s 13 =172 13 27-72/8 pt 13-1/8 6-1/2 7 545
S LRV-13 3 H 13 10-1/2 B 30-7/8 18 133 6-1/2 7-1/4 610
3 Lav-13 [ S 13 1) 13=172 34-1/72 20 15-1/4 6=1/2 7-3/4 780
€ LRV=10 [ 3 18-1/2 10 14 29 18 1-¥/4 7-3/4 7=1/2 €00
€ LRV-1) ] (3 13-1/2 11 T4 34-12 20 15-1/4 7-3/2 4 %0
€ Lav-1¢ ] 13 13-1/2 4 - 13 34172 20 18-1/4 7-5/8 $-1/2 ~ %00
8 LRV-13 10 [ 3 is ii-1/72 17 35-1/4 20 16 =-2/8 10 1063
10 LRv-1s 12 10 n 4 13 3 as 18-2/4 10-1/2 10-1/2 * 1310

3
1. All dimensicas are in inches.
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TABLE 3 5. ADDITIONAL DESIGN
MATERIALS OF CONSTRUCTION INFORMATION
- By DR _ 1INn '————-—-'
LRV 37 = a4V .
- - . 5.1 PUMP SELE ON AD - is
Siandire illustrated in|Table 4.
E risisd
Ponp .

. WATKRIALS HATEAIALS MATEMIALS 5.2 RATING CURVE A typical
Cwaing Cant lroa cast jren Srenze rating curve is shown in Table
Bearing Brachet  Cast Irea  CAnt Iron Cast Tren 5 of a pump with 3500 RPM.
dearing Covur Caat lron Cast ren Cass Jroa

Y aetter sronte cast 1ren broass 5.3 VENDOR PLANS Are available
Sepeller Sronzs cast Irea Sroase
coatog Ring Cant Jron  Brease from the manufacturer (see section
Shatt Sleeve arenze Steed Breaze .

Shate Stee) Steel Steed
; ;art et Brenze Stecd 3ronre .
'L seafting b
Seahing Sroass Stesl Brenss
Sland Cast iten Cast Iren Broare
Seal) Cage Teflon Taflon Telleon
Punp Bave Cast 1roa Cast Jrom Cast Iron
et Base Pad. Steel Tob. Sieed Fad. $tael
7“ — — -
1. Single stage, dowdlc ically 4
sizes 3° te 10",
. . TABLE 4
SELECTION TABLES
LRV PUMPS 3500 RPM
HEAD (IN FEET)
(12,3 kH 100 123 130 178 230 aso 300 ise <400 '
30 — - - -— — — — —— -— —-—
100 -— - —_— -_— —_ - - - : - — *
130 — -— — P, — - —_— — -— 2% L 10
. 40 x»
350 — -— -— 3% 31r9 2R LR10O 35 LR10 - 25 Lx 10 2% LR 10
20 x» 20 ¥p 20 n» 20 x» 0 K 40 Xr
230 ° -— 4LlR10 4 1Lr10 JLx 9 2% LR10 25 LR10 2% LR10 24 LR1O 24 £x 10 2% Lx 10
20 o 25 w2 20 xp 20 x» 20 np 28 np 30 up 40w 0 ur
300 —-— 4Llx 20 41x20 41Lx10 25LR10 25 LRI0 24X LR10 2% LR1O 2h ZR1O 3% IX 10
20 x» 2B ue 23 Ko 20 Rp 20 He 30 up 20 xp 40 RP 50 Kp
p 12 — 41R 18 4IrR1IC 25 ILRIC 25 LRI Y LRIO 24 IRIG 4 IR0 2% LR 10 2k LX 16
0 @ 20 HP 20 wr 20 ¥ 25 NP 30 wp 40 x» 40 Hp S0 Hr
400 — 41X 10 4LR10 31x9 ILRY In 9 I1r9 2% LR10 2% LRIO & X
20 » 2% nr 25 x» 25 W» 30 Bp 40 pp 40 HP 50 @p 75 BP
300 — 4 LR 10 41X 10 3Lx 9 3LR S 3 LR 9 3LR Y 3LR S 4 LR 11 4 LR}
20 x» 30 HP 30 ¥p 30 8P 40 P 40 RP 50 ¥p 5 np 75 wP
so0” 41x 10 4110 41210 4r210 21m S Ir 9 bR A ] awlrse 4LR11 dx1l
20 K» 23S gp a5 ¥ 40 x» 40 RpP 40 up 50 Kp 60 xp IS EP 100 RP
. 200 4LX 10 4LR10 4LRI0 4LRI0 4LR1I0O 4LRL 3IIRO 4 LRl 4IRI1 41R2
25 xp a3 x» 30 Hp 40 X»r 30 kP 50 HP 60 up 73 " 100 Kp 100 W
800 4 LR 10 4 LR 10 41R 10 4 LRIO <& LR 1O 4 LR A1 JLr 4 LR 11 41X 11 41rx1l
23 o 30 X o xr 40 30 x» 30 12 €0 wp 75 xp 100 xr 100 »»
$00 41R10 4LR10 4ix10 4LR10 4LR10 4IR1l 4LR1Y 4LRLl 4imll armi) .
3% o 10 wr 40 wr 30 ¥ 30 x» 0 np 75 Re 100 x» 100 »» 128 x»
1000 4LR10 41R10 4LR10 4LRIC JLRAL0 4LRIY 4LRAIL 4LRI11 4ILRI} 4Ix 1)
3 xr 40 nr o Nr 30 wr $0 7 X 100 x» 100 x» 2 X 230
300 4LR10 4LIR10 4RO 4ALRL0 JLRIL 4 IRIL S LRI 4R -
40 wr 30 N 30 ¥ 7 100 N» 100 Ny 123 W 180 x»
© 1400 — —-— 41x10 4IR10 4Rl 4RIl 4IRLl 4Ial) - -_
&0 o i6o ap 100 nr 100 np 133 Hpy 150




RATING CURVE 3500 RPM
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