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SHIP PRODUCIBILITY PROGRAM 

TASK S-I : PROPULSI0N PLANT STANDARDS FEASIBILITY

SUB-TASK 3: ECONOMIC ANALYSIS

5.0 ECONOMIC ANALYSIS OF SELECTED STANDARDS CANDIDATES

5.1 INTRODUCTION

Subtask 1 of this report resulted in a forecast for U.S. Shipbuilding

programs for the period 1974 through 1975.

In Subtask 2, based on the results of this forecast, the probable power

plants for the ships to be built during the period in question were classified

and technically analyzed. As a result of the technical analyses and evaluations

of these power plants, four groups of standards were proposed and several

candidates from each group were selected for further economic analysis.

This sub-task reports the results of the economic analyses performed on

these selected candidate standards. It also introduces a method of

generalization for estimating advantages applicable to similar standards

in each group which were not economically analyzed. The savings predicted

by generalization for each of the standards candidates are then used in

estimating the overall cost savings that are attainable when applied all

together into the design and construction of a sample ship.

5.2 METHODOLOGY

5.2.I Method of Analysis

In performing the economic analyses for selected standards

candidates in all groups, the following approach was used:
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1. A format was developed for each group of candidate standards

describing the contents of the standard and listing the standardized para-

meters.

2. The “existing approach” -- that is, the method of production

that is currently being used in U.S. Shipyards for completing the work

necessary to produce the hardware and/or the services covered by the subject

candidates -- was defined clearly since this establishes the basis of

comparison.

3. General assumptions that had to be made for all economic 

analyses were establ

Specific assumptions

listed in the beginn

4. Based

shed. These assumptions are listed in 5.2.2.2.

applicable only to the candidate being analyzed were

ng of the economic analysis for that candidate.

on the general assumptions, the “standards approach” --

that is, the method of production which would be used in U.S. Shipyards

if the “standard” in question were implemented -- was also defined.

5. Cost items for each approach were subdivided to the level of

detail required for significant cost resolution. Analyses were performed

for each cost item to determine the direct labor and material cost re-

quired to perform

6 : In

simplicity, costs

the work described in the subject cost item.

breaking down the cost items, for purposes of providing

which are the same for both the existing and standards

approaches were identified but not quantitatively analyzed.
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7. In addressing all the cost items shown on Table 5.1

which was suggested for use by Bath Iron Works Corporation, it was found

that many of the items had inconsequential influence upon the total value

and that the differences in

and the “existing approach”

marked (X) were included in

to affect the outcome.

these items between the “standards approach”

were negligible. Therefore those cost items

the analysis only when found to be sufficient

8. Total comparative direct labor man-hours and material 

costs required for the candidate in question were determined for each

a p p r o a c h .  

9. By deducting the totals for the Standards approach from

the totals for the existing approach, savings in terms of direct labor

man-hours and material costs were obtained for the candidate in question.

These savings indicate the advantages which are available through the

use of standards for that candidate only. The savings are estimated in

terms of total cost reduction in dollars.

10. A method for generalization of economic analyses was

developed, which is described in 5.2.3.
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Cost Variance

Economic Analysis ol Method Alternatives

I

Back-up
Data Ref.

1. Material Dizect

2 .  Material Indirect

3. Subcontract Cost  

4. Direct Labor & Fringes

5. Indirect Labor & Fringes I

6. Engineering Labor &
Fringes

7. Supervision, Clerical &
Fringes

8. Supplies ox

9. Set-up I

11. Warranty o Ix

12. Inventory I

3. O t h er ox

14. 0Overtime & Shift premium X

15. Maintenance & Repairs

16. Taxes & Insurance o Ix

*19. Depreciation ox

20. Subtotal I

22. Total

Present Proposed
Method Method

I

l

I
I



11. Using the “generalization method” the economic

obtained for those candidates on which analyses were performed

advantages

were

 extrapolated to predict the advantages obtainable for other candidates

in each group.

12. The results of analyses were tabulated in the form of a

matrix listing overall savings for all candidates in each group.

13. Using the above-mentioned matrix, the savings in terms

of overall cost reduction in dollars were synthesized for a ship to be.

fitted with a 26,000 SHP geared Steam Turbine Propulsion plant, as well

as for a ship with 14,000 SHP diesel propulsion plant.

14. Based on the overall cost reduction in dollars for the

ship in question, the probable savings in dollars were estimated for other

ship types in the forecast. For this purpose, the percentage savings based

on the total acquisition cost was assumed constant for all propulsion

plants as

the overa

discussed in 5.2.5.

15. Using the estimated savings for each type and size of ship,

l savings available to the industry through imp

standards, as delineated in Sub-task

as well as for the complete forecast

to be constructed within the period)

ementation of

2, for each year of the forecast period,

p e r i o d  ( f o r  t h e  t o t a l  n u m b e r  o f  s h i p s  

were predicted.

16. It was recognized that there could be other advantages

due to the adoption of Standards, such as elimination of delays in ship-

yard approval of drawings and reductions in delivery periods of standard-

ized equipment. These advantages are considered to be within the scope

of latent cost savings. For a discussion of latent costs refer to

5 . 2 . 2 . 3 . h .
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5.2 .2  Bas ic  Gu ide l ines

For the purposes-of  th is sub-task, the def ini t ions of the terms

used, the general assumptions made and the criteria followed were establ ished.

5 . 2 . 2 . 1  D e f i n i t i o n s

The terms as used throughout this analysis are defined

as  fo l l ows :

Overhead

D i r e c t
Mater ia l

i n d i r e c t
Mater ia l

D i rec t
Labor

I n d i r e c t
Labor

Net Wage
Reduction

Percent
Savings
in Wages

Fixed costs including bui ld ing depreciat ion,  maintenance,

t a x e s ,  i n s u r a n c e ,  m a n a g e m e n t  s a l a r i e s ,  u t i l i t i e s ,  e t c .  

That which becomes incorporated in the f inal  product,  including

trim waste.

That  used  to  fac i l i ta te

a permanent part of the

construction but does not become

f i n a l  p r o d u c t ,  i . e .  f i x t u r e s ,  t o o l s ,

temporary guides , and shims, etc.

That expended on changing the condition of and adding value

to  d i rec t  mater ia l .

That expended to faci l i tate producing the f inal  ‘product

but  does not  add value to the direct mater ial ,  i .e.

set-up, crane operat ion,  and other mater ia l  handl ing,  etc.

A m o u n t  o f  n e t  s a v i n g s  i n  w a g e s  o n l y ,  i n  1 9 7 4  d o l l a r s ,  w h i c h  

can

“Ne t

f o r

be expected if the Standard approach is used.

wage reduction " expressed as a percentage of total wages

the  spec i f i c  s tandard .

Net Material Amount of net savings in material costs only, again in 1974
cost
Reduction

dollars, which can be expected if the standard approach is used.

Percent ‘ tNet Material Cost Reduction” expressed as a percentage of
Savings in
Mater ial

to ta l  mate r ia l  cos t  fo r  the  spec i f i c  s tandard .

Costs

Percent The sum of "Net Wage Reduction " and "Net Material Cost Reduction”
Savings in
Total Costs

expressed as a percentage of  the total  cost for  the speci f ic

standard.
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5. 2..2.2. General Assumptions

The basic assumptions made to facilitate the economic

and generally applicable to all candidates, are the following:

analyses,

a. For labor and material costs, constant 1974 dollars are used.

No costs are inflated past July 1974.

b. All direct yard labor man-hours are valued at $4.8o plus 25%

for fringe benefits which adds up to a total of $6.oo per hour.

The 25% fringe benefit allowance is made up as follows: -

Vacation: 4.99%

Holidays: 3. 28%

Hospital ization,.-Health &
Life Insurance:

8.5%

Pension: 6.9%

Shift Bonus: 1. 02%

Death Days: . 47%

Total 25.10%

use: 25%

These figures are based on published data on fringe benefits

paid by 25 yards.

c. All indirect yard labor hours will also be valued at $6.oo

per hour including fringe benefits.

d. All engineering and management services will be valued at $9.00

per hour including fringe benefits.

5-7 .



5 . 2 . 2 . 3  C r i t e r i a

The following criteria, applicable to all standards candidates,

were established for use and guidance in performing the economic analyses:

a. Analyses were limited to items associated with the main

propulsion plant and its ancillary equipment.

b. Analyses were performed in such a manner that they will be

universal and not dependent upon costs. from a specific yard,

owner, designer

c. Estimates for

in the analysis

data:

i .

i i .

. . .I l l .

Historical

or vendor.

d rect labor man-hours and schedule times used

ng sources were based on any one

Data: This often is the

it is the most difficult source to

method changes.

of the follow

only data existing, b u t

use for comparison of

Work Sampling: These data are established by calculating

the Standard deviation and determining the level of

confidence. When

should be used in

desired.

these data are available, judgment

selecting the statistical accuracy

Engineered Time. Data: Standard time data applicable to

shipbuilding, when available, are an acceptable source in

cases where new methods are to be compared.

.
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The sources for all data used in the analyses were identified as to which

of the above three types they are. Any sources which are confidential,

or of a proprietary nature, were identified in general terms only: e.g.

"shipyard source."  If for any cost items none of the above sources were

available, then costs were estimated using in-house

d. Only those savings which are real and

. be achieved by appropriate management

considered. Inflating the savings .by

or unsupportable claims was avoided.

pool of experience.

which can reasonably

action were

using unrealistic .

e. Overtime premium was not included in the cost analyses.

f. Overhead, as will be remembered from its definition in 5.2.2.1,

normally incorporates such. items as property taxes, depreciation,

insurance and other items which are not altered by incremental

changes in the man-hour expenditures. Overhead savings,

therefore, were not claimed in cost comparisons.

g. The cost items were arranged to exhibit expenditures, and

therefore cost savings when subjected to a comparison, at

one point in time; as such, they did not adequately reflect

the on-going impact of project expenses. For this reason,

cost items were identified as recurring or non-recurring

costs.
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h. Latent savings are the second or third generation savings

or earnings which are secondary results of a method or

system change. They do not include the contribution of the

original method or system change.

the savings from putting a “freed

Areas of prime concern for latent

They do include, however, .

resource” to a new use.

impact studies include .

those where a freed resource is made available either by

a method change or by increased through-put. Latent savings

were not included in the quantitative analysis since they

would depend largely on the facilities available

specific shipyard and as such would constitute a

from the objective of this study. Nevertheless,

in a

deviation

la tent

savings will exist, and they are a distinct advantage of

the standards alternative.

5.2.3 Method of Generalization

In order to predict the labor and material savings for

potential Standards on which economic analyses were performed, a method

for generalization of results obtained from the analyses performed on

selected candidates was devised.

A brief description of the method and a sample application

are given below. Individual generalizations

found at the end of analyses for each group.

for all standards are to be

5-1o



5.2.3.1. Approach

a. Identify each standard with the most nearly simiiar standard

for which an econcmic analysis was performed.

b. Assign a “size rating“ in percentage to each standard as

compared to the similar standard. .

c. Assign a “complexity rating” to each candidate in the same manner.

d. For the selected “similar" standard estimate the contributions

of its size and complexity to the overall savings.

e. Multiply size rating from (b) by size contribution from (d) to

get estimated % reduction in costs for the subject standard

based on size comparison with the similar standard. .

f. In the same manner, calculate estimated (%) cost reduction

based on complexity comparison.

Add the two estimated % cost reductions to get the overall % cos t

reduction attainable for the subject standard.

Multiply percentage obtained in (g) by the calculated total

savings for the similar standard to get the estimated total

savings for the subject standard.

5.2.3.2 Sample Generalization

.

a. Candidate for Generalization: Main Condenser

Similar Candidate: Main Boiler

b. For the Main Boiler: (From 5.6.2.4)

Total Savings = s18,570 (for Hardware Standards)

5-11
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Size Contribution for Boiler: Estimated 40% of total

Complexity Contr~bution for Boiler: Assume 60% of total

c.

d.

For the Main Condenser:

Estimate Size Rating: 30%
As compared to Main Boiler

Complexity Rating: 60%

Calculate Related Savings:
Estimated

Contribution % for Candidate Std % Similar Std % Savings

si

Compl

ze .30 .40 .12

e x i t y .60 .60 .36

Total

Total Savings for Condenser: .48 x 18,570 = $ 8,9oo

.48

5.2.3.3 Results of Generalization

The above process was repeated for all the Candidates in

Groups 11, Ill and IV, and the predicted total savings for Candidates

in each group were listed at the end of economic analysis for that group.

(Refer  to5f 14.3, 5.5.3 and 5.6.3).

Table 5-2 is a compilation of the data in above-mentioned sections

as applicable to the propulsion Machinery Components of a 26,000 SHP

Steam Turbine plant which may be installed on an 80,000 DWT Oil Tanker.
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5.2.4 Synthesizing Savings from Individual Standards into

Overall Savings on the Total Construction Cost of a

"PARENT” Ship
*

After estimating the total cost savings for all standards in

all groups, following the "method of generalization” described in 5.2.3,

a method of incorporating these individual savings into the total

construction cost of a sample ship was developed. The standard formats

developed for a steam turbine and a medium-speed diesel propulsion plant

(Group I -- total propulsion plant standards) were used as a basic

reference.

As a “parent” ship for the steam turbine propulsion plant

analysis, one that would use the24-26,000 SHP plant was selected. Referring

to Table O of the standard format, enclosed in Appendix C.1.l.,

the number of standards and the “group " each standard belongs to were

selected as shown in Table 5.3, which is a filled-out copy of the above-

mentioned Table D.

For the diesel propulsion plant analysis, a ship that would

use the 14,000 SHP medium speed diesel installation was selected as the

parent ship. Table A of the standard total diesel plant format in Appendix

C . I . 2 is filled out for the parent ship by assuming the use of specific

groups and types of standards. Table 5-4 is the result of these assumptions.

. .



M .  R O S E N B L A T T  &  S O N ,  I N C .

LIST I NG OF PROPULS I0N PLANT COMPONENTS

FOR A PERENT SHIP

WITH 26, 000 SHP STEAM PLANT

Equipment/Component

Main Steam Boiler

Main Turbine (Set)

Main Condenser

Reduction Gear (Set)

Main Lube Oil Pump

Forced Draft Fan

Main Feed Pump

Fuel Oil Service Pump

Main Circulating Pump

Main Condensate Pump

Fuel Oil Heater

Lube Oil Cooler

First-Stage Feed Heater

Gland Exhauster

Drain Cooler

De-aerating Feed Heater

3rd Stage Heater

4th Stage Heater

Automation System

Quantity

2

1

1

1

2

2

1

1

2

2

1

2

1

1

1

Standard
Group

I I I

Iv

Iv

Iv
.

Iv

I I

I I

111

Iv

II

Iv

II

I I

I I

I l l

Remarks.
.

Hardware Std.

Hardware Std.

Non-Std.

Hardware Std.

.Hardware Std.

Ma-in Feed Pump Module

Fuel Oil Service Sys.
Module .

Hardware Std.

F.O. Service Sys.Module

Hardware Std.

First Stg. Fd. Htr.
Module
First Stg. Fd. Htr.
Module
First Stg. Fd. Htr.
Module

N.A.

N.A.

N o n - S t d .

TABLE 5 - 3
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For each of the standards used in the “parent” ship’s

propulsion plant, the predicted total unit savings in dollars were obtained

from 5.4.3, 5.5.3, and 5.6.3, and listed in Tables 5 - 5 and 5 - 6. Multi-

plying the unit savings by the number of units of each standard to be in-

stalled on the ship, the total amount of savings attainable by using each
.

standard was obtained. A summation of these savings resulted in the composite

savings possible for the parent ships if the Group II, Ill and IV Standards,

as indicated in Tables 5 - 3 and 5 - 4, are used. Referring to Table 5 - 5,

the “composite” savings mentions above is $176,494 for the parent steam pro-

pelled ship. For the parent Diesel propelled ship, the savings is $182,402

as read from Table 5 - 6. The savings possible due to implementation and

use of Group I total plant Standards is additional to these amounts. These

are as estimated in 5.,3.2.3 and 5.3.3.3, for ships of the size and power ranges

similar to the parent ships, savings are $87,84o on total shipbuilding costs

for the steam plants, and $56,340 for the diesel plants.

Therefore, the overall savings attainable through the use of

Groups II, Ill and IV Standards , for the parent ships become:

$176,494 +87,840= $264,334 for a steam plant of 26,000 S H P

and

$182,402 +56,340= s238,742 for a diesel plant of-14,000 SHP.
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5 . 2 . 5

propulsion

Prediction of Savings for Other Ships in the Forecast
.

In order to predict the

plant stahdards) in the

without going through an extensive

plant standards used on the vessel,

probable savings (due to use of

construction cost of any ship

analysis of all the propulsion

the relative acquisition costs

of the propulsion plants were utilized as a basis for comparison;

and it was assumed that the savings attainable will be directly

related to the acquisition cost for all plants of the same work

med i um. In other words, it is estimated that all steam turbine

will yield a constant percentage of the total acquisition costs

ng

plants

as

savings due to standardization. Similarly all diesel plants will

yield a savings which is a constant percentage of its total acquisition

cost.

The percentage savings for steam and diesel plants were

estimated using the previously estimated total savings for the

respective sample plants (See 5.7). It is recognized that in order

to obtain truly meaningful comparisons, the respective ships should

be considered in much more extensive detail, including such charac-

teristics as the propulsion shafting and propellers, non-propulsion

machinery, deck machinery and other shipboard installations. However

when all of these are considered, unless a specific ship design is at

hand, the results obtained will not, in any sense, be exact. For

purposes of this feasibility study, the specific ship designs are
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naturally not available. . Yet the need foresee-the effects (benefits

or penalties) the proposed standardization might have upon shipbuilding
,

costs is a prerequisite of the program. Therefore, in order to

predict not the exact magnitudes of the savings but the general trend for

various applications, the following method of comparison is adopted:

Given the constant percentage savings, the approximate

overall  savings for any propulsion plant can be calculated .

by estimating the total acquisition cost of the plant and

multiplying this cost by the percentage savings.

Examp l e

For the "parent’ ship with 26,000 SHP, 2 Boilers,

2 Stage feed heating, the percentage savings is:

3.82% (from 5.7.1).

For a sample ship with 30,000 SHP, 2 Boilers and

2 Stage feed heating, the total acquisition cost

is estimated by the formula:

A= 42855.7 ( S H P )0” 5

and found to be A = $7,42 x 106

Therefore the savings is:

S = .0382  x 7 . 4 2  x 1 06 =  $ 2 8 3 , 0 0 0

Refer to Section 5.7.2 and Table 5-27 for estimation

savings for all other steam plants. Diesel plant savings

summarized in Section 5.7.2

,

o f

are

5-21



5.3 ANALYSIS OF TOTAL PLANT STANDARDS - GROUP I

5.3.1 General

5.3.1.1 Brief Description of Group 1 Standards

The proposed total plant standards were described as to contents

and extent in the standard formats developed in the course of Sub-task 2

ef for ts . More detailed copies of these formats are included in Appendix-C.

As established in Sub-task 2, Paragraph 4.5.4.1, the total

plant standard is considered a “top level reference document which can be

utilized in defining and designing the total propulsion plant”, and it

contains the performance parameters and operating characteristics on which

the design of major systems for the total plant is based.

5.1.2 Candidates Selected for Economic Analysis

The results of the forecast showed that within the forecast

period, 239 ships with geared steam turbine propulsion plants would be. .

contracted for. Ships with gas turbine propulsion plants were next with

a number to be contracted of 119, and medium-speed diesel propelled ships

followed with a predicted number of 90.

lt appears reasonable and logical that economic analyses should

be performed for each of these three propulsion plants. However, as

discussed in Sub-task 2, paragraph 4.6.3, gas turbine propulsion plants

have been essentially standardized at the total package level by the

manufacturers in such a manner that there would be little if

between the existing approach and the standards approach.

deemed premature to attempt an economic analysis of the gas

plant.

any difference

It was therefore

turbine propulsion
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analysis:

1.

2.

- --

The following two total plants were selected

For Steam Plants: a 26,000 SHP Two Boiler

heating cycle geared steam turbine instai

For diesel plants: a 14,000 SHP medium-sp

diesel  insta l la t ion.

5.3.1.3 Limitations of Analyses

for quantitative

two-stage feed

ation.

ed, geared

In performing the economic analyses, the basic guidelines”

established in 5.2.2 were followed. As will be recalled, these guidelines

consisted of certain assumptions and criteria. The accuracy of the analyses

naturally depends largely on the validity of these guidelines. Additionally,

the specific assumptions made in connection with each analysis and the actual

numerical data used in estimating costs for cost items involved limit the

accuracy of the results obtained. It can be concluded, therefore, that

the precise amount of savings estimated - in terms of numerical evaluations -

may be subject to some uncertainty. However, the comparative evaluations

are useful and it can be deduced with confidence that if the standards in

question are implemented, there will be a definite trend toward savings,

and that it is feasible to initiate a program toward implementation of total

plant standards.

5.3.2 26,oo0 SHP Steam Propulsion Plant Analysis

In the following pages analysis of the steam propulsion plant

is presented. The selected standard’s SHP range is 26,000. Group l

of Appendix C.l.l describes the possible contents of a total plant

standard for this horsepower range as well as all other ratings.

format
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The anal yses, as described in greater detail in 5.3.2.1 and

5.3.2.2, are based on the assumption that a complete standard had been

developed and implemented for use by shipyards, design agents, manufacturers,

and owners, and that it contains, as a minimum, the extent of information

outlined in the format.
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5.3 .2 .1

existing

Definition of Existing Approach

The economic analyses are based

method of production in the U.S

the design of a total propulsion plant w

that would be used if the proposed total

implemented and made available to the sh

on a comparison of the

Shipbuilding Industry for

th the method of production

plant standards were

pyards and ship designers.

The present method, or the “existing approach” is defined

as follows.:

a. The design of the propulsion plant is not available.

b. Starting with the owner’s requirements, a complete

preliminary design is developed following normal

procedures.

c. Contract and detail designs are developed after

finalizing the preliminary design parameters.

.The breakdown of cost items for the existing approach will

be as listed on the analysis formats in 5.3.2.3 and 5.3.3.3, for

steam and diesel propulsion plants respective’

5.3.2.2 Definition of Standards Approach

With the standards approach, the fol

assumptions

a.

b.

Y*

owing specific

apply:

A formal “Total Plant Standard” for the SHP and type

of propulsion plant in question is available to the

shipyard and the ship designer;

This standard document contains all the information,

listed in the standard format of Appendix C.I.l;

- .

5-25



is as

forms

c. For the shaft horsepower range in question, the

standard heat balances contained .in the formal
.

document will be useable with Iittle or no

modifications for all possible ship types and

variations.

The breakdown of cost items for the standards approach

shown below. (This breakdown was the basis for the analysis I

used in 5.3.2.3.)

a. For Contract Design:

1.

2.

3.

4.

5.

6.

Study owner’s requirements and decide on the type

of power plant and drive system for the SHP range.

Select a standard power plant from the available

total plant standards which most nearly fulfills

the requirements. Review the standard heat balances

and generator sizing.

Review and finalize the standard pump and heat

exchanger sizing calculations.

Review and finalize the standard electrical load

analysis.

Review Standard schematic engine room arrangements

and add ship-plant interface.

Review and finalize standard piping systems schematics.

Develop engine room arrangements.
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7.

8.

9.

10.

11.

Review and finalize standard piping diagrammatic

arrangements.

Review standard line shaft and bearing arrangements

and add interface with the ship.

Develop set of secondary contract drawings.

Amplify standard and compile information developed

into a contract specifications.

Finalize conditional ABS and USCG approva

b. For Detail Design:

1.

2 .

3 .

4.

5 .

6 .

7 .

8.

9 .

10.

11.

Prepare equipment and material specificat

Perform bidd

Produce fina

Produce fina

s.

ons.

ng and procurement operations.

heat balance diagram.

e l e c t r i c a l  l o a d  a n a l y s i s .  -

Perform piping system stress analysis

Finalize piping system diagrammatic arrangement

drawings.

Develop complete set of detail

Complete detail specifications

working drawings.

for propulsion

machinery.

Prepare test & trial

Obtain ABS, USCG and

memoranda

Owner’s approvals.

.

\
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5.3.2.3 Cost Analyses

Based on the breakdown of cost items for the .existing and

standards approaches for the 26,OOO SHP steam turbine propulsion

plant, the cost analyses were performed on analysis forms included in

following pages. .

The costs were estimated separately for the contract design

and detail design phases. The source for labor manhours entered for.

the existing method is MR&S data compiled from previous experience.

For the standards approach, the labor expenditures are estimated values.

The results can be summarized as follows:

Design Phase

Contract Design

Detail Design

Total Savings

Savings in Savings Schedule
Labor Manhours In $ Time Savings

Months
r

6740 $60,660 4

3020 I 27,180 I 3

9760 87,840 7
I I

Therefore a total savings of 9760 manhours is possible in labor

expenditures and this may correspond to a scheduling time savings of up

to seven months. The dollar value of the savings, based on the

$9/manhour rate, is $87,84o. As will  be recalled from 5.2.2.2, the

rate used here contains the fringe benefits but has not allowance for

overhead. It follows

savings will probably

estimated.

that, depending

be considerably

on the overhead rate, the actual

greater than the $87,84o
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5.3 .3 14,000 SHP Medium Speed Diesel Plant Analysis

.
In the following pages , analysis of the medium speed diesel

.
propulsion plant is presented. The selected candate’s SHP range is

14,000. Group 1 format of Appendix C.1.2 describes the contents of a

typical total plant standard for this horsepower range as well as

all  other atings.

The analyses, as described in greater detail in 5.3.3,1 and

5.3.3.2, are based on the assumption that a complete standard had been

developed and implemented for use by shipyards, design agents, manu-

facturers and owners, and that if contains, as a minimum, the extent of

information outlined in the—format.
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5 . 3 . 3 .

diese

steam

1 Definition of Existing Approach

The present or the “existing” approach, in connection with
*

propulsion plants, is defined in the same manner as with the

propulsion plant:

as shown

5.3 .3 .2

analysis

a.

b.

c.

A design for the plant is not available.

Starting with the owner’s requirements, a complete

preliminary design is developed following normal .

procedures.

Contract and detail designs are developed after .

finalizing the preliminary design parameters.

The breakdown of cost items for the existing. approach will be

on the analysis formats of 5.3.3.3.

Definition of Standards Approach

The following specific assumptions are applicable for the

of the standards approach:

a. A formal “Total Plant Standard” for the SHP and type of

propulsion plant desired is available to the shipyard

and the ship designer.

b. This standard document contains all the information listed

in the standard format of Appendix C.1.2.

The breakdown of cost items for the standards approach is as

shown below. (This breakdown was the basis for analysis forms used in

5.3.3.3 )
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a. For Contract Design:

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Study owner’s requirements and decide on the type

of power plant and drive system for the SHP range.

Select a standard power plant from the available

total plant standards which most nearly fulfills

the requirements.

Review and finalize the

for the main propulsion

Review and finalize the

and materials.

auxiliary and support systems

plant.

standard sizing of equipment

Review and finalize standard piping system schematics.

Review and finalize the standard electrical load

analysis.

Review standard lineshaft and bearing calculations

and diagrammatic arrangements, finalize, and add

interface with the ship.

Review standard schematic engine room arrangements

and add

Develop

Deve l op

ship-plant interface. .

engine room contract arrangement plans.

contract diagrammatic arrangements for

piping systems.

Develop set of secondary contract

Develop contract specifications.

drawings.

Obtain standard ABS and USCG approvals.
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b. For Detai l Design:

‘1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Prepare technical and procurement specifications for
.

equipment and materials for the total propulsion plant.

Conduct bidding and procurement operations.

Perform final shafting calculations, f inalize shafting

and bearings arrangements, obtain torsional vibration

analysis

Final ize

systems,

for the engine and shafting

diagrammatic arrangement of

add interface with ship and

system.

propulsion piping

other non-propulsion

piping systems.

Conduct final electrical load analysis required for

electrical one-line diagram.

Develop complete set of working drawings related t o

the main propulsion systems.

Perform stress analys’

Develop detail specif

Sys terns ●

s for the piping systems.

cations for the main propulsion

Prepare test and trial memoranda.

Obtain USCG, ABS, Owner’s, and U.S. Public Health Service

approvals as required.

- .



5.3.3.3 Cost Analysis

The contract design phase and the detai l design

phase were anal yzed separately.

The labor manhour expenditures for both the

existing and the standards approaches were estimated by MR&S since

no engineered time data or work sampling data were available.

A summary of the results follows:

Savings in Savings Schedule Time
Design Phase Manhours In $ Savings - Months

1 I

Contract Design 4200 $37,800 . 3.3

D e t a i l  D e s i g n 2060 18,540 3.0
I I I

Total. Savings 6260
!

56,340 6 .3

A total savings of 6260 manhours can be realized in

labor expenditures. This may correspond to a scheduling time savings

of up to 6.3 months. The dollar value of the savings, based on the

established $9/Manhour rate (see 5.2.2.2), is $56,340. Since the

rate used does not contain overhead expenses, which depend on the

actual overhead rate, the net total savings will probably be con- .

siderably more than the estimated value of $56,340.
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5.3.4 Generalization of Results for Group I Standards

5.3.4.1 For Steam Turbine Plants

The results of economic analysis fora 26,000 S H P

Geared Steam Turbine Propulsion plant total package standard showed

that the total savings that can be expected is $87,840 in labor c o s t

and seven months in scheduling time. It will be remembered that the

steam plant in question was a “two boiler - two stage feed heating” ,

cycle.

In subtask-1 report, ‘tForecast for Propulsion Plant

Standards,” it was predicted that the ships to be contracted for

during the forecast period would require, in addition to the “2 Boiler -

2 Heater" cycle plant mentioned above, the following different plant

cycles:

o Two boi’

o One boi

o One boi

er, 4 heater  cyc le

er, 2 heater cycle

er, 4 heater cycle

o Reheat cycle.

Subjecting each one of these cycles to a comparison

against the basic cycle of 2 boilers and 2 heaters, the probable total

savings can be estimated by assuming that the savings will be a constant

percentage of the total acquisition cost of the propulsion plant.

Table 5 - 11 Summarizes the results of calculations

performed in this manner. The total acquisition costs shown in column A

of this table are taken from Table 5-27 in Section 5.7.
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The constant “percentage value appl ied in cal cul at i ng savings

for each cycle is derived as follows from the parent 26,000 SHP,

2 boiler, 2 heater cycle propulsion plant savings:

Savings for parent plant = $87 ,840

Total acquisition cost of parent plant =

$ 6 . 7 8 x  1 06

Percentage Savings =
.

The predicted savings listed in Column B for different cycle types

are then obtained by multiplying this constant percentage value by the

total acquisition costs in column A . —
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5.3.4.2 For Diesel Plants

The savings due to implementation and use of total plant

standards for the 14,000 SHP Medium-Speed Diesel Propulsion Plant was

estimated in

The

propulsion pl

logic as for

5.3.3.3 and found

forecast includes

ants of 7,000 and

the steam turbine

to be $56,34o.

ships with medium-speed

28,000 SHP as well. Fol

diesel engine

lowing the same

plants, and assuming that the percentage

savings on the  basis  of  to ta l  acquis i t ion  cost  is  constant ,  the  indiv idual  -

savings for each varying SHP range can be predicted as follows:

For the parent plant of 14,000 SHP, total acquisition cost,

from 5.7, is $4.32x 10 6.

The percentage savings:

x 100 = 1.304%
. .

Applying this constant percentage value to other SHP ranges:

For 7,000 SHP Plant:

Savings = .01304 x2.78 x 196 = $36,251

For 28,000 SHP Plant:

Savings = .01304x 7.05 X.10 6= $91,932

.



5.4 Analysis of Module Standa*rds - Group II

5.4.1 General 

5.4.1.1 Brief Description of Group II Standards

The module standards were defined in subtask-2 (4.5.3.2)

as documents “which contain the technical data and information

to define and describe a complete sub-system or group of like

equipment” mounted together on a common base. A format was

developed for this standard and is included in Appendix c.2.

An option is open to the shipyard with the module standards. to

either purchase a vendor-assembled module (“BUY” decision) or

to buy the individual equipment from Vendors and assemble them

in accordance with the requirements of the Standard in the

shipyard (“MAKE” decision).

5.4.1.2 Candidates Selected for Economic Analys is

As a representative sampling of potential candidates

for module standards, the following were selected, as discussed

in 4.6.2, for economic analysis in the present subtask:

1.

2.

3.

Fuel Oil Service System Module

Main Feed Pump Module

Diesel Accessory Rack Module



5.4.1.3 Limitations of Analysis

In connection with each individual module, assumptions

additional to those established in 5.2.2 were made regarding variou s*

cost i t ems. In economically analyzing the module standards,  it

was recognized that the basic funtion involved was the assembling

of individual equipment comprising the module on a common foundation

and making necessary connections. As such, it was more readily

adaptable to shipyard procedures, and it was therefore possible to

follow the Bath Iron Works Corporation suggested “Cost Analysis Guide!’ “

of Table 5-1. As a result of this approach, however, the analyses

were further dependent on the validity of estimates made for cost

items such as crane time, set-up time, inventory, maintenance and

repa i rs ,  e tc . it is quite clear that these cost  i tems wi l l  requi re

differing expenditures in different shipyards. The estimates pre-

sented here, naturally are subjective in this sense. Nevertheless, they

results in finite savings with standard modules over non-standard

modules, be it shipyard-assembled or vendor-assembled. .
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5 . 4 . 1 . 4

the shipyards w

“Make-or-Buy” Decision
.

Once the module standards are developed and implemented,

ll have a genuine opportunity to investigate the advan-

tages and/or disadvantages of assembling the module themselves. If an

economic gain is foreseen in shipyard-assembled modules and if the

production work force of the shipyard necessary to do this assembling,

without disrupting the normal ship construction and installation. wor.k,

is available, then the decision will be "make”. If, however, the

reverse happens, the only choice will be to “buy” the vendor-supplied

module. There may be special cases when due to availability of
—

slack work force, a "make” decision can be adopted despite the fact

that buying the module may cost less.

In the analyses reported upon in 5.4.2, the

“make-or-buy” decision, strictly in terms of dollar values, is apparent.

The cost savings estimated for each of the three selected candidates

show that Alternative l, which assumes a vendor-supplied standard

module, is economically advantageous over Alternative 2 which is the

case for a shipyard-assembled standard module. An additional factor

which is not accounted for in this report is the probable lower over-

head rate of a module builder as compared to the shipyard. However,

as pointed out above, the actual “make-or-buy” decision will have to

be resolved by the individual shipyards for the time frame at hand.

This decision may have to be made after considering some or all of

the following factors:

.

5-44



1. Responsibility

2. Proficiency of procurement

3. Proficiency of assembly

4. Quantity buys

5. Profits or mark-ups

6. Delays

7. Delivery t i m e s

8. Work for personnel at slack times

9. Module design costs

10. Module design control

11. Overhead comparison

.

.
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5.4.1.5 Definition of Existing Approach

The existing or "Present" approach, which is assumed to be
,

the method of production “used in U.S. Shipyards today, is defined as

fol lows:

a. ‘Individual components of the module are purchased separately

and arrive at the shipyard on separate foundations.

Shipyard must design the module.

b. The shipyard must store and protect equipment until

it is ready for  assembly .

c. The shipyard has no preformed pipe ready.

d. Assembling of the non-standard module will be done by

the shipyard prior to installation on the ship.

The breakdown of cost items for the existing approach will

be as listed on the analysis formats in 5.4.2.

5.4.1.6 Definition of Standards Approach

The economic analyses of modules for the standards approach

is performed for two distinctly different alternatives. The first

alternative is the purchasing of a vendor-assembled standard module

by the shipyard , and the second is the assembling of the standard

module by the shipyard. Each of these alternatives will be traded off

against the present method.

The breakdown of cost items for the standards approach is

as shown below (This breakdown was used as the basis for analysis

forms used in 5.4.2):



- .

a .

b.

c.

Procurement Phase
.

1.

2.

.3.

4.

5.

Technical department direct labor

Contracts department direct labor

Planning and estimating

Bid and response

Equipment costs.

Installation Phase

1. Direct labor in  shop

2. Direct labor on ship

3. Crane time

4. Engineering interface

5. Set up time

6. Delays and spool pieces

7. Inventory

8. Maintenance and repairs

Test and Check Out Phase:

These costs are assumed to

and Standards approaches.

department direct labor

be equal for the Present
.
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5.4.2 Cost Analysis

The cost analyses
1

for the module standard were based on

the breakdown of cost itmes for the existing and standards approaches

as described  in 5.4.1.5 and 5 . 4 . 1 . 6 .

For the existing approach, engineered time data for

various operations such as planning and estimating department direct

labor, contract department direct labor and technical department direct

labor were used as supplied by Bath Iron Works Corporation. All .
.

other cost items for which engineered time data or work sampling data

were not available were estimated by MR&S.

TWO different alternatives were investigated for the

standards approach as can be seen in the analysis forms on the fol-

lowing pages. The first alternative is the “vendor supplied standard

module’, and the second is a “shipyard assembled standard module".

For both of these alternatives, the method of production was care-

fully considered and

no precedent existed

all cost values were

cost items were estimated one by one. Since

for a standards approach of the type in question,

necessarily estimated by MR&S.

in the analysis forms that follow, the recurring cost

items will repeat themselves even in the case of multiple ship orders.

The analyses show that for the candidate standards

analyzed, the following savings are possible when using module stan-

dards compared to the non-standard module approach.

Vendor Supplied Yard Assembled
Std. Module Std. Module

$17,470 $12,835

11,757 7,407

31,607 20,804
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5.4.3 Generalization of Results for Group II Standards

Table 5-15 is-a summary of results for the economic

analyses performed in 5.4.2. Following the procedure outlined in

5.2.3, these results’ can be used in estimating the “generalized”

savings for all other possible standards in Group II. T a b l e  5 - 1 6

lists all the module standards considered in Subtask - 2, identifies

each of these with a similar standard from Table 5-15, and calculates

the predicted overall savings obtainable through its use.

The fol lowing size and complexity contributions are

assumed for each of the economically analyzed module standards for

use when adopting them for comparison as a similar standard:

Fuel Oil Service System Module: Size: 45%

Complexity: 55%
.

Main Feed Pump Module: S i z e : 35% .

Complexity: 65%

Diesel Accessory Rack Module: S i z e : 40%

Complexity: .60%



.
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5.5 Analysis of Envelope Standards - Group IlI
. .

.-

5.5.1 General -

5.5.1.1’ Brief Description of Group Ill Standards

The envelope standard is a document which contains the

technical data and information “required to define and describe the

interface characteristics”of the equipment.” As it”

4.5.2.1 and 4.5.3.3, this standard concept is based

cube envelope around the equipment. All mechanical

was discussed In

on an imaginary

connections are

brought to the surfaces of this envelope, and the shipyard brings

services to these surfaces.

It will. be remembered that space limitations may restrict

the use of envelope standards, but that as a major advantage they 

effectively establish equipment standards without interfering with

the independence of individual equipment manufacturers. In Appendix C.3. .

a standard envelope format is included to indicate the content and

extent of this standard concept.

5.5.1.2 Candidates Selected for Economic Analysis

Selected for economic analysis in Subtask-3 were the

following envelope standards candidates:

1.

2.

3.

Boiler Envelope

Lube Oil Purifier Envelope

Main Feed Pump Envelope



Each of these envelopes will be economically analyzed

for the existing method, and the standards aporoach and results will
.

be compared to estimate the savings due to using envelope standards.

5.5.1.3 Limitations of Analyses

The accuracy of the results are dependent upon

specific assumptions made in

didate Standard. Especially

time, inventory, maintenance

from one shipyard to another.

analyzing the cost

such cost items as

and repairs, etc. ,

items for each Can-

crane time, set-up

may vary considerably

Therefore the estimates presented

here are necessarily subjective in this sense. However, the overall

effect obtained is realistic, and even though the absolute values

of savings may be subject to variations, the direction of gains is

firm and finite with envelope standards as compared to no standards.

A “make-or-buy” decision may be thought of

in relation to the envelope standards. However, especially for

smaller pieces of equipment which are likely candidates for en-

velope standards, the number and extent of external connections t o

the equipment are so few that little, if any, difference can be

expected between the "make” or “buy” alternatives.

.
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5.5.1.4 Definition of Existing Approach

The present or existing approach used in the U.S. Shipyards

today for those equipment which are candidates for envelope standards

can be summarized as follows:

a .

b.

c.

—

d.

The equipment is purchased through normal channels

and following usual procurement procedures.

The equipment is stored and protected in the shipyard

until it is ready for installation on board s h i p .

All mechanical, electrical and other external

connections to the equipment are made after installation.

Foundations, if required, are manufactured by the shipyard .

after final approved drawings from the vendor are received.

The breakdown of cost items for the present approach will be

the same as those for the module standards and as shown on analysis

formats in 5.5.2.

5.5.1.5 Definition of Standards Approach

The standards approach for the case with envelope standards

can be defined as follows:

a. The equipment can be purchased directly from the manufacturers

complete with its base and external connections to the

interface points on the envelope surface.

b. The shipyard will be able to manufacture preformed piping

and prepare connections until the interface points on

the envelope surface.

.
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c. The

can

envelope “incl udes the standard base and the shipyard

prepare ship’s foundation to match using the drawings

in the standard document without waiting for vendor’s

plans.

The

standards as

breakdown of cost items are the same as for module

shown in 5.4.1. and on analysis formats as well.

.

.
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dards

5.5.2 Cost Analyses
.

The breakdown of
,

approaches as described

a basis for the cost analyses

For the existing

cost items for the existing and stan-

in 5.5.1.4 and 5.5.1.5 were used as

of envelope standards.

approach, Bath Iron Works Corporation ‘s

engineered time data were used in establishing expenditures for various

procurement operations such as planning and estimating department -

direct labor, contracts department direct labor and tehcnical depart-

ment direct labor. No engineered time data nor work sampling data

were available for the remaining cost items, and accordingly the

values used for these are MR&S estimates.

There was no precedent for a “Standards Approach” from

which source data could be drawn. For this reason, all cost items for.

the standards approach were estimated by MR&S.

The recurring cost items are identified with the sym-

forms that fol low. The savings for these

cost items will repeat themselves even if multiple ships are being

b u i l t .

The results of the analyses indicate that for the candi-

date standards in question the following savings are attainable when

using envelope standards as compared with the present approach:

Main Boiler Envelope = $17,124

Lube Oil Purifier Envelope = $ 4 , 4 6 1

Main Feed Pump Envelope = $ 5 , 3 9 4

.
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1 , 4 5 8

.657

.

7 0 2

7 2 0

1 0 0

5 , 0 4 4 3 , 2 7 7

5 7 6

1561 56

4 7 4 216
,

ZIG
- —  . . - — —

4 2
L 2,490SUB - TOTAL

,
.

5.767 “10,228T O T A L

TABLE 5-18
COST

-. -.- . .
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5.5.3 Generalization of Results for Group Ill Standards

Table 5-20 cotains a summary of results of the economic

analyses performed in 5.5.2. Following the procedure outlined in

5.2.3, these results can be used in estimating the “generalized”

savings for all other standards in Group Ill. Table 5-21 lists all

the envelope standards considered in Subtask 2, identifies each of

these with a similar standard from Table 5-20, and calculates the

predicted overall savings obtainable through its use.

The following size and complexity contributions are

assumed for each of the economically analyzed envelope standards for

use when adopting

Main

.

Lube

Main

them for comparison as a similar standard:

Boiler Envelope:

Size : 40%

Complexity : 60%

Oil Purifier Envelope:

Size : 60%

Complexity : 40%1

Feed Pump Envelope :

Size : 50%

Complexity : 50%

.



.

.

.

.
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5.6
.

means

ECONOMIC ANALYSIS OF-INDIVIDUAL EQUIPMENT STANDARDS - GROUP IV

5.6.1 General ,

5 .6 .1 .1 Brief Description of Group IV Standards

The Group IV Standards should be implemented by

of a “phasing-in” process. The order of development of standards

for individual equipment and/or components will be

1. Data Standards

2. Procurements Standards

3. Hardware Standards

Detailed descriptions—of each one of these

three different standard concepts, as well as sample formats, are

to be found in Appendix C.4. The economic analsyses reported upon in

this section are based on the sample formats and as such assume that

all information mentioned in the formats is available.

In general, the scope of Group IV Standards can

be summarized as follows:

Data Standard: Includes technical information

which is necessary for ship designers to per-

form proplusion plant designs at any level

without requiring additional information f rom

vendors.

Procurements Standard: Contains both the tech-
.

nical and the legal documentation to purchase

vendor equipment.

Hardware Standard: Contains the technical infor-

mation necessary to define and describe the hard-

ware which is interchangeable among all vendors

as to interface.
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5.6.1.2 candidates selected for Economic Analysis

As a-result of technical analyses performed in

Subtask - 2, the foldowing Group IV standards candidates were selected

for economic analysis

analyzed for each of

(See Section 4.6.2):

Main Condensate Pump

Starting Air Compressor

Main Boiler

Each of these candidates will be economically .

the three different concepts of standards.

Analyses will be based on a comparison of the “present” approach

(with no standard available) with the “standards’’a aproach (where

it  wil l  be assumed that standards are available).  The “present” .

and “standards” approaches are more clearly developed in 5.6.1.4

and 5.6.1.5 respectively.

5.6.1.3 Limitations of Analyses

The analyses performed in 5.6.2.2, 5.6.2.3 and

5.6.2.4 are based on the general guidelines discussed in 5.2.2 which

make certain assumptions and set certain criteria. Furthermore,

in performing the individual analyses, certain additional specific

assumptions were made due to a lack of concrete source information

on many of the cost items involved. As a result, analyses are best

estimates. However,they show a trend toward labor savings for

individual equipment standards; so that even though they are limited .

in absolute values of savings, they are instrumental in assessing

the advantage of implementing Group IV Standards.

.
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5.6.1.4. Definition of Existing Approach

A. For Data Standards

1. Shipyard has a

standardized.

2. Cost items not

catalog library which isnot complete nor

listed as variable are assumed constant

for this s t u d y .

3. A certain amount of revision to the heat balance calculation,

arrangement drawings, weight estimates, piping schematics

and electrical load analysis will be necessary after Vendor’s

actual data on the component is received by the Shipyard.

4. It is assumed that a search of the in-house catalog library

will enable the shipyard to select a sufficient number of

manufacturers whose products will meet the basic design

requirements.

B. For Procurement Standards

1. Shipyard has a catalog

standardized.

library which is not complete nor

2. Cost items not listed as variable are assumed constant for

this study.

3. A certain amount of revision to the heat balance calculations,

arrangement drawings, weight estimates, piping schematics and

electrical load analysis wil l  be necessary after Vendor’s -

actual data on the component is received by the Shipyard.

4. it is assumed that a search of the in-house catalog library

will enable the shipyard to select a sufficient number of

manufacturers whose products will meet the basic design requirements.



c. For Hardware Standards

1. Shipyard has a

standardized,.

2. Cost items not

this study.

catalog l

listed as

brary which is not complete nor

variable are assumed constant for

3. A certain amount of revisionto the heat balance calculations,

arrangement drawings, weight estimates, piping schematics and

electrical load analysis wil l  be necessary after Vendor’s -

actual data on the component is received by the Shipyard.

4. It is assumed that a search of the in-house catalog library

will enable the shipyard to select a sufficient number of

manufacturers

requirements.

5. It is assumed

whose products will meet the basic design

that a new design or a modification
.

of an existing design will be required for the component in

question, by the manufacturer.

6. As a source for man-hours required to develop purchase specs

and carry out the planning and contract department operation,

engineered time data supplied by Bath Iron Works Corporation

is used. -
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5.6.1.5 Definition of Standards Approach

A.  For  Data  Standards -

1.

2.

3.

4.

5.

Shipyard has e “Data Standard” available for the subject

component.

Data Standard contains all technical information at the

Vendor plan level.

Data Standard does not contain any legal and sales information

that can substitute-for a purchase specification.

Technical info available in the data standard will reduce

the”procurement effort by ~ 25%.

Due to more accurate data available in the standard in the

i n i t i a l stages of design, the revisions to various contract

design work will be reduced by 2 5 % .

B. For Procurement Standards

1.

2.

3.

The shipyard has a “procurement standard” available for

subject component.

Procurement standard contains all

information needed to incorporate

technical arid legal

the subject component

the

into

.

the ship design and also to procure, install and test the same.

As such, it will eliminate the need to write purchase specifications

and it will reduce the procurement effort by ~ 5 0 % .

Revisions to contract design calculations and diagrams will be

reduced by ~ 25%.
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C. For Hardware Standards
*

1.

2.

3.

The shipyard has a " tHardware Standard” available for the

e
subject component.

The Standard contains all technical and legal information,

including:

a.

b.

c.

d.

e.

f .

9*

h.

i .

It

Performance characteristics

Operating characteristics

Interface requirements

Packaging information

Installation drawings and procedure

Critical materials specifications

Regulatory body approvals

Test memoranda & quality control requirements

Purchase specifications

is assumed that based on the information available in the

Standard,. the Manufacturers will have developed complete

4.

machine designs for manufacture

on the component in question.

It is further assumed that with

technical data available in the

and set-up for manufacture

the completely accurate

Standard, no revisions to

the contract design calculations and diagrams will be

necessary.
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5. Additional savings-which may be possible to attain in the

scheduling the due to elimination of delays in arrangement

drawings and due to reduced delivery time for the manufacture

of “Standard” equipment are neglected in this study (since

they are difficult to assess due to large variations).
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5.6.2 Cost Analyses

The Group IV, Individual Equipment/Component Standards,

were analyzed for each of the three different types of standards.

In

of

of

the following pages, the basis of analyses are listed in the form

a detailed breakdown of cost items. The cost items for each type

standard, namely the data, the procurement and the hardware standard,

are presented in an analysis form in the same sequence as the break-

downs in 5.6.2.1.2 through 5.6.2.1.4.

The engineered time data as furnished by Bath Iron Works

Corrporation are used for estimating the procurement phase cost items for

the existing approach. The remaining cost items and the standards

approach analysis figures were estimated by MR&S.

The recurring costs are identified in the analysis

forms by a (+) sign under the proper column. As it was pointed out

earlier, in connection with the mdule and

analyses,

even if a

items are

ship of a

the savings for these cost items

contract for multiple ships were

non-recurring; and as such, they

type or class to be built in any

The analysis results indicate

over-all savings are attainable when using

compared to the present approach of no

Data
Std

Main Condensate Pump 1,350

Starting Air Compressor 1,242

Main Boiler 3,510

envelope standards cost

will repeat themselves

awarded. All other cost

are applicable to the first

one shipyard.

that the following

Group IV standards as

standards:

Procurement Hardware
Std Std

2,124 4,842

1,980 4.698

6,3oo 18,570



5.6.2.1  Detailed Breakdown of Cost Items

5.6.2.1.1 Data Standard

Cost Item # l : Establish Design Requirements

a) Review preliminary heat balance & establish

Performance characteristics

Operational characteristics

b) Review ship specs - determine space & weight relation if any. 

cost Item #2: Review Industry Availability

a) Use in-house catalogues/brochures or information files

1 - Determine if any mfrs have products that fulfill requirements

2- Select a sufficient number of

general requirements

3 - Write technical specs for the

stifle competition.

mfrs whose products 

component endeavoring not

b) For the Standards Approach, use “Data Standard”

1 - Select components from the data standard

2- Write technical specs for the components selected.

Cost Item # 3: Prepare Purchase Specs:

a) Based on Technical specs of cost item #2, write procurement

to

specs.

b) Incorporate legal and sales information into the procurement specs.

Cost Item #4: Procure

Procure item following normal shipyard procedure.



Cost 1 tem # 5: Incorporate Component into Ship Design

a) For

2-

3-

4-

5-

b) For

(a)

Existing Approach, obtain vendor’s data from the mfr. and:

Revise heat balance to reflect changes in component data as 

compared to those assumed for preliminary heat balance.

Using size info., develop contract arrangement dwgs.

Use weight info. re ship’s weight estimate.

Use piping & valve size info. to develop related piping

system schematics.

Use prime mover power characteristics info. to revise

preliminary electrical load analysis.

Standards Approach, use data std to do the same work as pr

above.
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  5.2.1.2 Procurement Standard

Cost Item # 1: Establish Design Requirements

a) Review preliminary heat balance & establish

Performance characteristics

Operational characteristics

b) Reveiw ship specs - determine space & weight relation if any.

Cost Item # 2: Review industry Availability

a) Use in-house catalogues/brochures or information files

1 - Determine if any mfrs have products that fulfill requirements

2 - Select a sufficient number of mfrs whose products meet

general requirements

3 - Write technical specs for the component endeacring not to

stifle competition.

b)

1 - Select component

standard

2- Select technical

ment standard.

Cost Item #3: Purchase Specs

from the “data’ section of procurement

specs from the “specs” section of procure-

a) Prepare purchase specs & Legal & Sales

b) Select Std. Purchase Specs.

Cost   Item #4: Procure

Following normal shipyard procedure (using

cost Item #5: Contract Design

a) For Existing Approach, obtain vendor’s

info

std. procurement specs.)

data from the mfr. and:
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1-

2 -

3-

4-

5-

b) For

(a)
—

Revise heat balance to reflect changes in component data

as compared to those assumed for preliminary heat balance.

Using size info., develop contract arrangement dwgs.

Use weight info. re ship’s weight estimate

Use piping & valve size info. te develop related piping

system schematics.

Use prime mover power characteristics info. to revise

preliminary electrical load analysis. -

Standards Approach, use data std to do the same work as pr

above.
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Cost Item #1: Estab

a) Review prel

5.6.2.1.3 Hardware Standard

ish Design Requirements

rninary.heat balance & establish

Performance characteristics

Operational characteristics

b) Review ship specs - determine space & weight relation if any.

Cost Item #2: Review Industry Availability

a) Use in-house catalogues/brochures or information files to

screen components available to industry:

1 - Determine if any mfrs have products that fulfill requirements

2- Select a-sufficient number of mfrs whose products meet 

general requirements

3 - Write technical specs

stifel competition.

for the component endeavoring not to

b) For the Standards Approach, use

- Select standard hardware wh

ments of design 

“Hardware STandards”

ch most nearly fulfills require-

Cost Item #3: Procurement

a) Prepare Purchase Specs.

b) Procure item following normal shipyard procedure (using tech.

specs from 2.a or 2.b)

c) Select STd Purchase Specs from hardware Std.

d) Procure item following normal shipyard procedure (using pro-

curement specs from hardware standard) - for the standards approach.
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cost Item #4: Incorporate Component into Ship Design

For Existing Approach, obtain vendor’s data from the mfr. and:

a) Revise heat balance to reflect changes in component data as com-

pared to those assumed for preliminary heat balance.

b) Using size info., develop contract arrangement dwgs.

d) Use piping  & valve size info. to develop related piping

system schematics.

e) Use prime mover power characteristics info. to revise pre-

liminary electrical load analysis.

NOTES :

1.

and

the

For existing approach, preliminary calculation, diagrams, estimates

arrangement will have to be revised after obtaining vendor’s data for

component. In the standards approach, all data needed to finalize the

preliminary work is contained in the hardware standard - so that no revision

is necessary.

Cost Item #5: Manufacture

a) Prepare Design

b) Set-up for Manufacture

c) Production

NOTES :

1. With the standards approach, set-up for manufacture may require less

time in the long run since changes from one set-up to another will have been

established and therefore can be effected in a minimum of time.

5-80



2. With the standards approach,_the manufacturers will not have to develop

repeated learning curves. The learning curve will be there except for the

very first time a standard hardware is produced. Special machinery, tools,

dies, molds, etc. will have been bought, manufactured or otherwise mad a

part of the facility. “Since the materials will have been specified in the

standards, the manufacturer will be in a better position to stock some

critical materials.

Cost item #6: installation

1. Make mechanical (piping, etc.) Conn’s.

2. Make electrical connections

3. Provide quality control

NOTES :

1. Since physical dimensions and bolting and/or other fastening require-

ments will be available in the hardware standard, these work items can be

accomplished earlier in the construction schedule of the ship.

2. Since all pipe and valve/fitting sizes and specs will be contained in

the hardware standard, it will be possible to prepare pre-formed

piping sections and obtain time (& labor) savings in actual construction

work.

3. Since shipyard quality control personnel will have become familiarized

with Quality Assurance procedures, they will be in a position to pro-

vice more efficient control work and thereby effect considerable savings.
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cost Item #7: Testing & Checkout 

a) In-place tests after instalIation

NOTES :

1. There may be some savings in this cost item 9 with the standards approach)

due to standardization of test procedures as delineated in the hardware

Standard.

2. No savings can be expected in dock trials and sea trials since operation

of all systems is very much inter-reIated.
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5.6.3 Generalization of Results for Group IV Standards

Table 5-25 is a summary of results for the economic

analyses performed in 5.6.2. Following the procedure outlined in

5.2.3, these results can be used in estimating the “generalized”

savings for all other possible standards

Table 5-26 1

considered in Subtask 2,

standard from Table 5-25,

sts all of the

dentifies each

and calculates

savings obtainable through its use.

candidates in Group IV.

individual equipment standards

of these with a similar.

the predicted overall

The following size and complexity contributions are

assumed for each of the economically analyzed standards for use when

adopting them for comparison as a similar standard:

Main Condensate Pump:

Starting

Size : 50%

Complexity: 50%

Air Compressors:

Size : 70%

Complexity: 30%

Main Boiler:

Size : 40%

Complexity: 60%
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5.7 Synthesis of Economic Analyses and Application of Savings

 to Forecast-Ships 

5.7.1 Percentage Savinqs for the Parent Ships

The total savings available through implementation of standards in

all of the four groups (as shown in Table 5-3) for the parent steam-

propelled ship was estimated to be approximately $264,ooo (see 5.2.4).

It will be recalled that the parent ship had a steam turbine propulsion,

plant of 26,000 SHP with 2 main boilers and 2 stage feed heating.

The machinery acquisition cost for this plant can be estimated

by using the cost equations developed from Jose Femenia’s paper

"Economic comparison of various Marine power plants”

the constants to correspond to 1974 dollars. The equations were listed

that exist in the forecast.

1. Two Boiler, 2 Heater Cycle:

A = 42855.7 X (SHP)0.5

2. Two Boiler, 4 Heater Cycle:

A = 44067.6 (SHP)0.5

3. Single Boiler, 2 Heater Cycle:

A= 38589 (SHP)0.511

4. Single Boiler, 4 Heater Cycle:

A = 42936 (SHp)0.504

5. Reheat Cycle:

A= 51928 (SHP)0.487

(1) SNAME Transactions, Volume 81, 1973, page 79

--
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For the parent  ship, the applicable cost equation is 1. Therefore: 

Acquisition Cost:

A= 42855.7 X (26,000))0
”5 = $6.9I x 106

and Percentage Savings:

264,oooa = X 100=3.82%

For the parent

implementation

in 5.2.4.

6.91 X loo

diesel-propelled ship, the total savings available through 

of standards in all four groups was predicted to be $238,7oo

The machinery acquisition costs for medium-speed diesel propulsion

plants can be estimated by the equation:

A= 11,374 x (SHP)0.6222

For the 14,000 SHP Parent plant:

Acquisition Cost A - 11,374 (14,000)0.622 = $4.31 x 106

and percentage savings:

5.7.2 Predicted Savings for Other Ships

It is assumed, for the purposes of this feasibility study, that for

all steam plants of varying cycle types, the savings due to Standards as

proposed will be a constant fraction of the total acquisition cost of the

propulsion plant. It therefore becomes possible to predict the savings

for any and all ships in the forecast if the propulsion plant costs can

be estimated. Using Femenia’s equations listed above in 5.7.1, the

acquisition costs for each of the cycles are calculated; then the percentage

savings calculated in 5.7.1 is applied to each of these total costs to get

individual savings in terms of 1974 dollars. Table 5-27 lists all plants, 

and results of calculations.
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The diesel propulsion p
.

ant savings as percentage of acquis it ion costs

. was estimated to be 5. 538%. -Applying this percentage factor to the

- acquisition costs. of each diesel plant, the savings become:

For 7,000 SHP Diesel Plant:

11,374 x (7,000)0.622 X .05538 = $155,209

For 14,000 SHP Diesel Plant: 

$238,700 (from 5.2.4)

For 28,000 SHP Diesel Plant:

11,374 x (28,000)0622
X .05538 = $367,619
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5.8 A PROJECTION OF INDUSTRY-WIDE BENEFITS

The benefits to be expected from the implementation of proposed

standards will be in the form of labor, material and scheduling time

savings. The savings in labor and material costs, in the present analysis,

were combined into one total and given the name "total savings."

The total savings were estimated:

a.

b.

c.

d.

For several selected candidates in each group of standards,

by economically analyzing the cost items in accordance with 

the methodology of 5.2 and comparing the present method of

approach with the Standards approach.

For remaining standards in each group, by extrapolating the

results of analyzed standards following the method of

generalization described in 5.2.3.

For parent steam and diesel propulsion plants, by summing up

savings from all standards incorporated into the parent plant,

as described in

For other steam

5.2.4. 

and diesel propulsion plants, and therefore

for other ships that are included in the forecast, by assuming

a constant percentage savings based on the total acquisition

cost of the plant in question (5.2.5).

The scheduling time savings were also estimated wherever applicable

and possible. But is it considered unrealistic to generalize on these.

Therefore in investigating industry-wide benefits we will limit ourselves

to labor and material savings only.
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The results obtained are used to estimate the over-all industry-wide 

benefits which are to be expected for each year of the forecast period as

well as for its total duration.

5.8.1 For Each Year of the Forecast Period

Referring to the Sub-task 1 Report, “Forecast for Propulsion

Plant Standards," Table 3-4.2 Ilsts steam plants by cycle type and shows

quantities of ships, for each year of theforecast period, which will have

propulsion plants of the type listed. Table 3-6 is a similar compilation

for diesel plants.

Tables 5-28 and 5-29 list the total savings for each plant

for each year of the forecast period for the total number of ships to be

contracted for in that year with that propulsion plant. In estimating

the total savings for the first year

assumed that each of the ships to be

savings corresponding to the type of

of implementation, 1975, it was

contracted would result in unit

plant and the SHP

succeeding years of standards implementation, however,

ships were assumed to be part of a series construction

they were assumed to provide no additional savings.

range. For

several of the

and therefore

To clarify the approach, let us consider the following

example:

In the year 1976, 10 ships will be contracted for with a B-37

propulsion plant. (The symbol B-37 corresponds to a “Two Boiler-Four Stage

Feed Heating” cycle of 37,000 SHP power range.) It was assumed that 4 out

of 10 of these ships will be part of

remaining six contracts. Therefore,

only 6 are assumed to offer the unit

In tables 5-28 and 5-29,

a series construction belonging to the

out of a total number of 10,ships,

savings.

the number of series ships and the

number of ships which will provide savings are identified for each year.
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5.8.2 For the Total Forecast Period

In order to estimate the total savings for the complete

forecast period, the influence of escalation in labor and material costs

would have to be taken into consideration. All costs and cost savings

reported up to this point in this report are in constant 1974 dollars -

as assumed in 5.2.2.2 for uniformity in economic analyses. None of the

costs are inflated past July 1974. As an initial approach, these costs

will be subjected to a 9% per year escalation rate and the total estimated

savings will be determined.

Table 5-30 shows the result of escalating combined total savings

attainable by using standard diesel and steam plants for each year reported

in Tables 5-28 and 5-29 by an inflation rate of 9% per year.

that gas turbines will provide no additional savings for the

this study.

it is assumed

purposes of

The projected industry-wide benefits escalated as described

above appear to be in the order of $81,353,000 - for the total forecast

period. The uninflated   industry-wide benefits are approximately $51.S million

It must be remembered that the numerical results obtained here depend on

the assumptions made and criteria adopted, and therefore their accuracy

is limited to the extent discussed in 5.3.1.3,  5.4.1.3,  5.5.1.3 and 5.6.1.3, 
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5.9 Summary and Conclusions

5.9.1 General

The technical

selection of certain systems,

types of propulsion plants as

analysis, subtask-2, resulted in the

sub-systems and components of different

potential candidates for which standards

may be developed. The selection was based on technical feasibility,

industry acceptance and a qualitative consideration of economic 

advantages.

Table 5-31 lists all the candidates under the four

proposed primary standards groups.

In the course of subtask-3, economic analyses were

performed of the potential candidates in order to determine the magnitude

of cost and schedule savings of an installed propulsion plant. The method

used was conducting specific detailed economic analyses on a representative

sampling of potential candidates and then generalizing to obtain cost and

schedule savings for all remaining potential standards. 

As a representative sampling, the following candidate

standards (from Table 5-31) were selected for quantitative treatment in

the context of an economic analysis:

Group I - Total Plant Standards:

- 26,000

- 14,000

Group II

SHP Steam Turbine Propulsion Plant

SHP Medium-Speed Diesel Propulsion Plant

- Module Standards

- Fuel Oil Service System Module

- Main Feed Pump Module

- Diesel Accessory Rack Module
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POTENTIAL CANDIDATES FOR STANDARDS

FROM SUBTASK - 2

GROUP - TOTAL PLANT STANDARDS GROUP II - MODULE STANDARDS

Steam Turbine Propulsion'Plants Main Condensate Pump
15,000-17,500 SHP Main Feed Pump
24,000 - 26,000 SHP Fuel Oil Service System
28,500 - 32,000 SHP High Pressure Feed Heater
36,000 - 40,00 SHP power Unit
43,000 -45,000 SHP Lube Oil Purifier
5o,000 + SHP Lube Oil Service System

Low Pressure Feed Heater
Diesel Propulsion Plants Diesel Accessory Rack

7,000 SHP Diesel Air Starting Package
14,000 SHP
28,OOO SHP

GROUP IV - INDIVIDUAL EQUIPMENT/
COMPONENT STANDARDS

GROUP Ill - ENVELOPE STANDARDS

Main Boiler
Main Boiler Main Turbine
Main Turbine Main Diesel Engine
Main Diesel Engine Main Condenser
Main Condenser Main Reduction Gear
Main Reduction Gear Main Feed Pump
Main Feed Pump Main Condensate Pump
Main Condensate Pump Lube Oil Service Pump
Main Circulating Pump First Stage Feed Heater
Lube Oil Purifier Boiler Controls
Lube Oil Service Pump Engine Controls
Fuel Oil Service Pump Forced Draft Fan
Deaerating Feed Heater Deaerating Feed Heater
Low Pressure Feed Heater Fuel Oil Service Pump
Fuel Oil Heater Lube Oil Purifier
Bridge Controls Fuel Oil Purifier
Engine Room Controls Lube Oil Heater
Air Preheater Lube Oil. Cooler
Economizer Fuel Oil Heater
Air Ejector Air Ejector
Exhaust Gas Boiler Air Preheater

Thrust Bearing
Fresh Water Cooler
Red. Gear L.O. Booster Pump

TABLE 5 - 31
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Group I I 1 - Envelope Standards

- Main

- Lube

- Main

Group

- Main

Boiler Envelope

Oil Purifier Envelope

Feed Pump Envelope

v - Individual Component/Equ pment Standards

Condensate Pump

- Starting Air

- Main Boiler

Each candidate

Compressor

standard in each group was then economically

analyzed and savings to be expected by the adoption of the subject standard

as compared to the existing non-standard approach was estimated.

Table 5-32 summarizes the results of economic analyses.
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Notes for TabIe 5-32

1. Under this column,, the costs of accomplishing the specified work”

in the shipyard in connection with the Candidate equipment or services

are

and

the

2.

the

are

3.

listed. The costs for each group are estimated in different ways,

each is explained in Notes 7, 8, 9. 10 and 11 below. These represent

costs for existing approach.

Total cost is defined as the shipyard cost as listed in Column l. plus

purchase price of the equipment(s) that may go into the Standard. These

also existing costs.

Net total savings are taken directly from analysis results of

Tables 5-15, 5-20, and 5-25.

4. Savings as a percentage of yard cost is obtained simply by dividing

numbers in column 3 by numbers in column 1.. .

5. The numbers under this column denote the savings attainable through

the utilization of a candidate standard as a percentage of the total cost

for the existing approach for the same quantity of equipment and/or

components.

6. The numbers in this column indicate for each candidate standard the

expected savings as a percentage of the total machinery acquisition cost.

The acquisition costs for the 26,000 SHP steam and 14,000 SHP diesel plants

are taken directly as calculated from section 5.7.1, and the percentage

values are obtained by dividing column 3 by the acquisition cost for the

propulsion plant into which the candidate standard in question belongs.

For the diesel accessory rack and starting air compressor, the diesel plant

acquisition cost is used and for all other standards, the steam plant

acquisition cost is taken as a basis.
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7. The total cost for Group I candidate standards is obtained by adding

approximately 10% allowance-for indirect labor and material to the cost

estimated in the analysis.

8. The total cost for modules are calculated separately by using source

data for “individual components, when available, and by contacting some

Manufacturers.

9. The total costs for envelopes are calculated separately by using

available source data (Shipyard Source).

10. The total costs for hardware standards are obtained by adding purchase

cost of the equipment in question to the “labor + yard material” cost

estimated in column 1.
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5.9.2 Analysis of Results

In Table 5-32, the savings are tabulated in four different

ways:

a. Under the column “Net Total $“, the savings are reported, as

the heading implies, in terms of net dollars to be gained when  the standard

in question is implemented and utilized. It is evident that greatest

dollar savings are possible by utilizing the following standards:

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

total Steam Plant Standard

Total Diesel Plant Standard

Diesel Accessory Module

Main Boiler Hardware Standard

F.O. System Module Standard

Main Boiler Envelope

Main Feed Pump Module

Main Boiler Procurement Standard

Main Feed Pump Envelope

Main Condensate Pump Hardware
Standard

Starting Air Compressor Hardware
Standard

$87,840

$56,34o

$31, 607

$18,570

$17,470

$17,124

$11,757 

$6,300

$5,394

$ 4 ,842 

$4,698
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b. Under the column "% of Yard Cost," the savings are reported

as a percentage of the shipyard expenses in connection with the subject

equipment exclusive of its purchase cost. The candidates showing greatest

promise of savings in this sense are:

1. Diesel Accessory Module Standard

2. F.O. Service System Module

3. Mai n  Condensate Pump Hardware
Standard

4. Starting Air Compressor Hardware
Standard

5. Main Feed Pump Module Standard

6. Main Boiler Hardware Standard

7. 1.0. Purifier Envelope Standard

8. Mai n  Feed Pump Envelope Standard

9. Total Steam Plant Standard

10. Main Boiler Envelope Standard

11. Total Diesel Plant Standard

67.4%

63.3%

62. 1%

60. 2%

56. 8%

43. 7%

40. 6%

39. 4%

37.4%

34. 9%

33. 8%

c. Under the column “% of total cost,” the savings are reported

as a percentage of the total rests relating to the subject equipment,

including its purchase cost. The order of savings for this case is as

follows:

1. Total Steam Plant Standard 34.0%

2. Total Diesel Plant Standard 30. 8%

3. Main Condensate Pump Hardware 23. 1%
Standard

4. L.0, Purifier Envelope Standard 22.62

5. Diesel Accessory Rack Module 21. 8%
Standard
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6. Starting Air Compressor Hardware 18.9%
Standard 

7. F.O. Service System Module Standard 17.5%

8. Main Feed Pump Envelope Standard 11.5%

9. Main Feed Pump Module Standard 10.%%

10. Main Condensate Pump Procurement 10I%
Standard

11. Starting Air Compressor Procurement 8.0%
Standard

d. It is also possible to investigate what the savings are as a ,

percentage of the total machinery acquisition cost of a ship’s propulsion

plant. The next column lists these percentages, and the order of savings

is as shown below:

1. Total Diesel Plant Standard

2. Total Steam Plant Standard

3. Diesel Accessory Module Standard

4. Main Boiler Hardware Standard

5. F.O. Service System Module Standard

6. Main Boiler Envelope Standard

7. Main Feed Pump Module Standard

8. Starting Air Compressor Hardware
Standard

9. Main Boiler Procurement Standard

10. Main Feed Pump Envelope Standard

11. Main Condensate Pump Hardware Standard

1.30%

1. 29%

0.73%

0.27%

O. 26%

0.25%

o. 17%

0.11%

0.09%

0.08% 

0. 07%
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It must be pointed-out here, that all of the above classifications

are based on the net dollar savings estimated for each candidate standard

as a result of the analyses performed, and therefore the magnitudes and

priorities they indicate are accordingly dependent upon the accuracy of

and the justification for the assumptions and criteria established during

the analyses. As discussed earlier, however, in sections 5.3.1.3.,

5.4.1.3, 5.5.1.3 and 5.6.1.3, the trend towards savings due to utilization

of standards is definite. And it is possible to study these trends and

arrive at the comparative benefits of any one group of standards over the---   

others.

Again in connection with the estimated or predicted savings,

the following should be remembered:

a) The savings are calculated on the basis of a direct labor rate

of 9 %/hr for engineering manhours and 6 $/hr for yard labor manhours,

including fringe benefits but excluding overhead. The actual savings will

be greater than reported in proportion to the prevalent overhead rate.

b) Additional savings may be attainable by using lower level

standards in a higher level standard -- for example,.by using two main

feed pump hardware standards in a standard main feed pump module.

c) Additional savings will be attainable due to putting into

a  new use the resources freed through the utilization of standards (latent

savings).

d) The savings as reported here do not reflect the influence of

the cost of developing and instituting the Standards. The net advantage

of the standards program may be reduced when this factor is taken into

account.



e) All savings are reported in terms of 1974 dollars. No escalation

is applied past July 1974.

f) The savings as

as non-recurring costs.

5.9.3 Conclusions

The savings

reported include effects of ’recurring as well

for total plant Standards occupy the first and

second places in the priority classifications on the basis of net dollar

savings, percentage total cost, and percentage acquisition costs. The net 

dollar savings of $87,84o, percentage total savings of 34% and percentage

acquisition cost savings of 1.29% for the total steam plant are the highest

savings obtainable among all candidates. The savings for total diesel plant

are also high for the three different classifications. The reason for the

low priority obtained with the total plant standards when classified on the

basis of percentage yard cost is that the total plant standard basically

covers the design efforts, and as such no important purchase costs

involved.

It is evident that, even within the limited extent

are

of total

plant standards as used in this analysis, the savings are tangibie. When

and if a more extensive total plant standard, including a greater portion

of detail design and possibly all of contract design, is adopted and

implemented, then the savings wiil be much greater. In the course of

preliminary work for this subtask, MRGS had studied this possibility and

found out that the savings for the total steam plant might be in the order

of $160,000, and this might correspond to a scheduling time savings of

approximately 13 months; corresponding savings for the total diesel plant

is in the vicinity of $115,000, and 12.5 months of scheduling time.



Effectively, these standards WOU1d rank highest in cost effectiveness,

and it iS recommended that they be further investigated for utilization

in the implementation of the standards program.

In terms of net dollar savings and also in terms of savings

as a percentage of yard costs and acquisition costs, module standards and

hardware standards offer very good possibilities. The diesel accessory

rack module standard promises a net savings of $31,607, and the Fuel Oil

Service System Module Standard promises $17,470. These correspond,

respectively, to 67.4% and 63.3% of the yard costs for the subject

equipment/components. The savings reported for Modules in Table 5-32

are those attainable with Alternative 1 Standard approach. This is to

say that the shipyards would buy a Vendor-assembled standard module and

simply install it on board. The respective savings for Alternative 2—  -  

standards approach, which calls for the standard modules to be assembled

by the shipyard, would be $20,804 and $12,835 in net dollar values, and

44.4% afid 46.5% in percentage of yard costs.

It is evident from the four different priority classification

that the module standards always enter the “best savings" listing. The

three module standards that were economically analyzed, occupy 3rd, 5th

and 7th places in the “net dollar savings”; Ist, 2nd and 5th places in the

"percentage of yard cost” savings; 5th, 7th and 9th

of total cost” savings; and 3rd, 5th and 7th places

acquisition cost” savings.

places in the ‘percentage

in the “percentage of
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These results reinforce greatly the qual

reached during Subtask-2 technical analysis efforts that

most viable candidates to write standards for. It might

tative conclusions

modules are the

be well to point

out at this junction that the shipyards, almost invariably, indicated

a desire to design their own standard modules to suit the space requirements

in their specific ship constructions. However, it is believed strongly

that when the “nationally developed module standards” are implemented

and made available to designers, shipyards and vendors in the early

stages of ship design and construction efforts, all concerned parties

will be in a position to specify, install and manufacture these

standard modules without any disadvantageous space problems, but with

all the ensuing benefits in the form of savings.

AS pointed out above, the hardware standards also offer

very good savings possibilities. The three hardware standards, which

were economically analyzed , occupy the following ranks in savings

classifications.:

In Net Dollar  Savings = 4th, 10th and Ilth

In % Yard Costs = 3rd, 4th and 6th

In % Total Costs = 3rd and 6th

In % Acquisition Costs= 4th, 8th and llth

The candidate which ranks 4th in Net  Savings, 6th in % Yard costs and

4th in % acquisition costs is the Main Boiler Hardware Standard.



Even though the Main Boiler was selected as a candidate

for economic analysis (of individual equipment standards), it is a 

well known fact that the boiler manufacturers, much like the gas turbine

manufacturers, have already standardized their product lines quite

extensively. In this sense, it is highly probable that very strong

resistance will be met from Vendors when a different set of hardware

standards are attempted. It follows that, from a practical standpoint,

the main boiler should not be selected as a final candidate to write

hardware standards for.

One may argue that the above reasoning would hold true

for other equipment such as pumps, heat exchangers, compressors and

the like. And it would, indeed, in most  casesl However, the size and

complexity of these equipment are small compared to the main boilers;

and the number of qualified Vendors for them are many  times that for

boiIers. It is therefore considered possible that the vendors of these

equipments may yield to nationally implemented standards, since by doing

so they also will eventually experience savings in their production costs.

A close study of the results reported in Table 5-32, and

also in Table 5-25, shows that no important savings should be expected

through the use of data standards and procurement standards for individual

equipment. Even though one particular procurement standard shows up in

the priority classification of net dollar savings in the 8th place (and

9th place in % acquisition cost classification), this happens to be the one

for the main boiler again, and is subject to the same reasoning as for

the boiler hardware standard. The two other procurement standards which

appear in the listing for percentage total cost savings are those for the

main condensate pump and the starting air compressor. The net savings 
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for these

1eads one

standards

two are $2,124 and $1,980 respectively. The meager savings

into doubts as to the justification of writing procurement

for these equipment. However, it will be recalled from 5.6.

that the underlying thought. in investigating data and procurement

standards was to provide a step-by-step approach to eventual hardware

standards. In this context, the implementation of hardware standards

being desirable, so are the data and procurement standards. One word 

of caution may be added here that for large equipment such as main

turbines and main diesel engines for which

standardized product lines,

be beneficial at this point

The envelope

the individual

in time.

standards seem

as a group. The priority classification is

manufacturers already have

equipment standards may not

to offer the least savings

as follows:

In Net Dollars Savings = 6th and 9th places

In % Yard

in % Tota

In %Acqu’

costs = 7th, 8th and 10th

c o s t s = 4th and 8th

sition Costs = 6th and 10th places

Again, the main arguments for envelope standards, as

discussed in 5.5.1, should be borne in mind. It will be remembered

that space requirements were a major factor in using envelopes. For

this reason, it was concluded that larger equipment in congested areas

of engine rooms would probably not Iend themselves to economically

feasible envelope applications. The main boiler envelope, for example,

even though it promises the 6th ranking net dollar savings, of $17,124,

may not  be feasible since it would require additional space in an area

where space is already at a premium. If we exclude the main boiler

envelope from the priority listings for this reason, we will be left

with only the main feed pump envelope that makes the priority list

with $5,394 net savings and ranks 9th.
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The main advantage of the envelope standard, of course,

is the interchangeability of various manufacturers’ equipment without

interfering with their specific and different designs. In this sense,

the smaller equipment like pumps, purifiers, heat exchangers, control

consoles, etc., can be recommended for envelope standards. Furthermore,

when the most of developing and instituting standards are considered,

the envelope standards , as far as smaller equipment are concerned,”may

prove to be more advantageous than the hardware Standards since the

envelope standards would require no changes in the Manufacturers’ product

lines. The

bring these

addition to

manufacturers would simply have to add a few connections and

to the interface points on the surface of the envelope. In

the advantage of lower development costs for the envelope

standards, the resistance from the vendors against implementing these

standards would be very small, if any, as compared to their understandable

and already stated strong resistance against instituting hardware standards.

In summarizing the findings, it can be said that the order

of priority for development of national standards for different groups

and types of standards should be as follows:

1.

2.

3.

4.

Total Plant Standards

(For Steam and Diesel Plants)

Module Standards

Hardware Standards

(Starting with data and procurement standards)

Envelope Standards
— .-
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The savings to be expected when using a total plant 

standard is about 1.3% of the total plant acquisition cost. When using 

suitable Group II, III and IV standards in addition to the total plant

standards, the cost savings approach 3.8% of the total plant acquisition

cost for the steam plants and 5.5% for the diesel plants.

These are appreciable savings to be experienced for each

new contract for a number of ships of the same design to be constructed

in any one shipyard. It is believed that the savings ‘reported are

conservative and that the actual gains will be greater, so that even

after amortizing the standards development costs, there will still be

considerable savings to justify developing and instituting national

standards for ship’s propulsion plant design, systems, equipment and/or

components.
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Format for Group I Standards -
APPENDIX C. I. I

Title - Standard Total Propulsion Plant
No. - TP-SG-etc.

1. Definition: This standard is a document which contains the technical

information in standard format which is necessary to define and describe

a to SHP steam turbine feed heater propulsion

plant. Standards are available for each of the following propulsion

plants.

15,000 - 17,500 SHP .(2 Feed Heaters)

24,000 - 26,000 SHP (2 Feed Heaters)

28,500 - 32,000 SHP (4 Feed Heaters)

36,000- 40,000 SHP (4 Feed Heaters)

43,000- 45,000 SHP (4 Feed Heaters)

50,000 SHP (4 Feed Heaters)

Standardized Parameters (for-Total Steam Plant)

Steam Conditions @ Boiler Superheater Outlet

P: psig

T: OF

Main Condenser Vacuum: "HG

Sea Water Temperature:
OF

Outside Air Temperature:
OF

Outside Air Relative Humidity: %

Machinery Space Air Temperature:
OF

Machinery Space Air Relative Humidity: %
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2. System Block Diagrams. The total plant for purposes of this Standard

wi11 consist of the following eIements:

2.1 The Main Piping systems as pertain to this standard contain the

following systems:

t
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2.1.1 The steam systems segment of the main piping systems

are further subdivided into the following main and auxiliary steam systems.

f

I I
MAIU STEAM

. 2.2 The Auxiliary Systems-contain the following sub-systems which

are required for operation of the propulsion system.

2.3 The main systems which are required for propulsion plants are

contained in the following:
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2.4 The Supporting Systems are those systems which are required for

accomplishment of the ship’s mission and which interface

the propulsion system.

with and affect

J 1 J 1

3. Propulsion Plant Block Diagram
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4. Heat Balance Diagrams 

Infonnation required is compatible with that required for each system

in paragraph 5, “System Diagrams. ” Heat Balance diagrams are prepared for

the following conditions:

. Maximum Continuous Service

. Port Condition

. Operational Missions

A typical heat balance diagram is shown in figure “A.”

4.1 Required data for heat balance diagrams

Refer  to SNAME Technical & Research Bulletin 3-11

Steam Conditions (Press, Temperature, Enthalpy, FIow)

Water Conditions (Press, Temperature, Enthalpy, F1ow) at inlets

and outlets of all equipment in the propulsion plant loop

Condenser Vacuum

Ambient Air and Water Conditions (Press, Temperature, Humidity)

Boiler Efficiency

Boiler Fuel Rate

Turbine Steam Rate

Fuel Oil Conditions (Higher Heating Value)

Auxiliary Loads

Distilling Plant (Quantity and Efficiency)

Electric Load

Heating, Hot Water Loads

Air Conditioning Load

Equipment Operating Conditions (Working Pressures, Relief

Pressures, System Losses, etc.)
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Mission    Requirements 

Cargo Pump l (Quantity, Type, Pressure, Temperature)

Crane Requirements (Electric, Fuel, etc. )

Tank Cleaning Requirements (Steam, Electric)
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5. Systems Diagrams

Generally systems diagrams will be prepared for the following listed

systerns. Typically, each diagram consists of a one-line piping diagram 

showing the subject piping system with symbolic representations of all

relevant equipment , valves, fittings, flanges, and instrumentation.

Diameters of piping and sizes of fittings, and valves are indicated on

the diagram. Included are Tables which list materials and specifications,

maximum allowable fluid velocities , and equipment (pump) types, sizes

and capabilities. Tables “A”, "B" and "C" are typ cal of information

ncluded for informationon a piping diagram. Typical piping diagrams are

in figures “B” through”l” inclusive.

5.1 Steam Systems

. Main Steam (Figure B)

. Auxiliary Steam (Figure C)

. Auxiliary Exhaust (Figure D)

. Steam Heating

5.2 Condensate System (Figure E)
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5.3 Feed System (Figure E)

5.4 Drain  Collecting  System(s) (Figure E)

. H.P. drains

. L.P. drains

5.5 Auxiliary Systems - These include all auxiliaries required 

for operation of the propulsion plant.

. Fuel Oil Service System (Figure F)

. Fuel Oil Purifier System

. S.W. Circulating System (Figure G)

, Auxiliary Condenser & S.W. Service Systems (Figure G)

l Lubricating Oil Service System(s) (Figure H)

5.6 Main systems - These include the systems for major equipment

allied with the main propulsion plant which is required for operation

of the ship.

. Shafting System

Dimensional Diagram

Material Requirements

Bearing Type & Locations

Thrust Bearing (may be with Red Gr.)

Weight  & Force Diagram
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. Reduction Gear System

Type .

Load Factors

K Factors

Gear Diagram

Automation System

Type System

System Block Diagram

One-Line Diagram

Service Requirements

5.7 Supporting Systems -- These systems requirements are those which

are required for proper sizing of components In the propulsion plant.

. Electric Generation 

Hotel Load

Auxiliary Load

Machinery Support

. Distilling Plant

Required Load

Efficiency

. Air Conditioning,

Required Load

Load

Ventilation
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l Hull Pumping Systems   

Bilge Pumping Diagram (FIGURE)

(Interfaces with Propulsion Systems)

Ballast System Interface (FIGURE 1)

Fire - fighting System Interface

Fuel oil Transfer System ( a.

. Lubricating Oil Transfer System (FIGURE H)

6. A listing of available standards for equipment components and modules

which may be used in the composition of this standard propulsion plant

is included in Table D.







% 400 GPM AT 470 FT HEAD

TABLE C
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Table D

Equipment/Component

Main Steam Boiler

Main Turbine (Set)

Main Condenser

Reduction Gear {Set)

Main Lube Oil Pump

Forced Draft Fan

Main Feed Pump

Fuel Oil Service Pump

Main Circulating Pump

Main Condensate Pump

Fuel Oil Heater 

Lube Oil Cooler 

First-Stage Feed

Gland Exhauster

Drain Cooler

De-aerating Feed

3rd Stage Heater 

4th Stage Heater 

Automation System

Heater

Heater

Standard
No.

Standard
Group

Remarks

.
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Format for Group 1 Standards

Title: Standard Total Propulsion Plant
*

No. : TP-DG-etc.

1. Definition: This standard is a document which contains in a standard

format, the technical information necessary to define and describe

a to SHP medium-speed diesel engine propulsion

plant. Standards are available for each of the following propulsion

plants:

8,000- 10,000 SHP, Medium-Speed Diesel

12,000 - 14,000 SHP, Medium-Speed Diesel

24,000 - 28,000 SHP, Medium-Speed Diesel
.

Standardized Parameters (for Total Diesel Plant)

Medium Speed Diesel Engine Rating:

BHP @ ERPM (Maximum Continuous Rating)

BHP @ ERPM for Hrs operation
(Maximum Intermittent Rating)

BMEP psi

Maximum Fuel Rate #/BHP/HR

Sea Water Temperature
oF

Outside Air Temperature
oF

Outside Air Relative Humidity %

Machinery Space Air Temperature oF

Machinery Space Air Relative Humidity %

Exhaust System maximum pressure drop inches H20 

inlet Air System maximum pressure drop Inches H20
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2. System B1ock Diaqrams

The total

INC.

plant will consist of the following
,

2.1 The main engine and piping systems contain the following sub-systems:

2.2 The auxiliary systems contain the following sub-systems

required for operation of the propulsion systems:

which are

2.3 The supporting systems are those

the accomplishment of the ship’s mission

affect the propulsion system.

systems which are required for

and which interface with and

r 1

L 1. .
I

I I I I

L.D.PURIFY



M. ROSENBLATT & SON, INCo

. . 2.4 The main systems which are required for propulsion plants are

contained in the following:

MAIN SYS
I I

I

3. Propulsion Plant Arrangement

The schematic arrangement of

as shown in Figure M.

4. Systems Diagrams

For the systems Iisted below,

the main propulsion machinery will be

systems diagrams are included to provide

guidelines for developing the actual systems for a vessel. Typically, each

diagram Consists of a one-line piping schematic showing the subject piping

system with symbolic representations of all relevant equipment, valves,

fittings, flanges and instrumentation.

the

and

and

Diameters of piping  and sizes of fittings and valves are indicated on

diagrams. Also included in this group are tables which list materials

specifications. the maximum allowable fluid velocities,

pump tables which show pump types, sizes and capacities.

Under each of the systems shown below, those parameters are included

which will be needed for the preparation of systems diagrams as defined

above.
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APPENDIX C-2

Equipment/System Module Standard - Group II

D e f i n i t i o n :

in formati

like equi

This standard is a document which. contains the-technical data and

on required to define and describe a complete sub-system or group of

pment which is mounted together on a common base. This module has

defined and located interfaces and limiting size dimensions and weights,

which make the moduels (but  not  the components) interchangeable f rom al l  

sources. The equipment which is included in the module may or may not be

standard.

This standard af fords the benef i ts of

limitations being imposed on equipment vendors.

Standard Format:

I n  o r d e r  t o  i l l u s t r a t e  t h i s

service system module format follows:

standard,

Example: First Page

standard equipment without

an example of a fuel oil

T i t l e : Descr ipt ion of  system or Equipment ut i l izat ion.

I d e n t i f i c a t i o n : Alpha-numerical  standard ident i f icat ion with encoded type

and size.

A p p l i c a t i o n : General data with reference to the scope of this standard as

to s izes, temperatures, pressures, and medium characteristics.







Example: F i r s t  P a g e

T i t l e : D e s c r i p t i o n  o f  e q u i p m e n t  u t i l i z a t i o n .  ,

I d e n t i f i c a t i o n : A l p h a - n u m e r i c a l  s t a n d a r d  i d e n t i f i c a t i o n  w i t h  e n c o d e d  t y p e

a n d  s i z e .

A p p l i c a t i o n : G e n e r a l  d a t a  w i t h  r e f e r e n c e  t o  t h e  s c o p e  o f  t h i s  s t a n d a r d  a s

t o  s i z e s ,  t e m p e r a t u r e s ,  p r e s s u r e s ,  a n d  m e d i u m character is t ics .

Next  Page(s)

Per formance Data Matr ix : C h a r t  s h o w i n g  c a p a c i t y ,  p r e s s u r e ,  t e m p e r a t u r e ,

a n d  v i s c o s i t y  c h a r a c t e r i s t i c s  f o r  e a c h  e n v e l o p e  s i z e .

Pump Select ion Char ts : Capacity, Total Dynamic Head and Horsepower and

m o d e l  n u m b e r  o f  t h e  v e n d o r ' s  a v a i l a b l e  p u m p s  f o r  t h i s  s e r v i c e .

Next  Page(s)

P u m p  C h a r a c t e r i s t i c  c u r v e s :  f o r  e a c h  m o d e l  l i s t e d  c o n t a i n i n g  c u r v e s  o f

Capac i ty  versus Head,  Horsepower ,  and Suct ion pressure

Next  Page(s)

O u t l i n e  d r a w i n g s : wi th  key d imens ions o f  each model . I n c l u d e d  a r e  a l l

i n t e r f a c e  d i m e n s i o n s ,  o v e r a l l  s i z e s , w e i g h t s  a n d  b o l t i n g  i n f o r m a t i o n  f o r

each module  s ize .

A p p r o v a l s : I n c l u d e s  r e g u l a t o r y  a g e n c y  a p p r o v a l s  o f  m o d u l e  d e s i g n s .







Referenced Page

V e n d o r  l d e n t i t y , Address ;  and phone numbers :

A l s o  i n c l u d e d  a r e  c o n t a c t s  f o r  s t a n d a r d  d a t a  m a i n t e n a n c e .

S p e c i f i c a t i o n s  a n d  O t h e r  S t a n d a r d s :  w h i c h  t h e s e  p u m p s  c o m p l y  w i t h

Next  Page(s)

P u m p  S e l e c t i o n  C h a r t s :

Capac i ty ,  Tota l  Dynamic  Head and Horsepower  and model  number  o f

t h e  v e n d o r ' s  a v a i I a b l e  p u m p s  f o r  t h i s  s e r v i c e ,

Next  Page(s)

P u m p  C h a r a c t e r i s t i c  c u r v e s :  f o r  e a c h  m o d e l

Capac i ty  versus Head,  Horsepower ,  and Suct

Next  Page(s)

l i s t e d  c o n t a i n i n g  c u r v e s  o f

o n  p r e s s u r e

O u t l i n e  d r a w i n g s :  w i t h  k e y  d i m e n s i o n s  o f  e a c h  m o d e l . I n c l u d e d  a r e  a l l

i n t e r f a c e  d i m e n s i o n s ,  o v e r a l l  s i z e s , w e i g h t s  a n d  b o l t i n g  i n f o r m a t i o n .

Next Page

Operating D a t a :  I n c l u d e s  s u c h  i t e m s  a s  t e m p e r a t u r e  a n d  p r e s s u r e  l i m i t a t i o n s

o f  c a s i n g s ,  b e a r i n g s  a n d  s e a I s

Materials: T h i s  c o n t a i n s  a  l i s t i n g  o f  t h e  m a j o r  c o m p o n e n t s  m a t e r i a l s

u t i l i z e d  i n  e a c h  m o d e l  a s  r e q u i r e d  f o r  c o m p a t i b i l i t y  w i t h  t h e  i n t e n d e d

u t i l i z a t i o n .

A p p r o v a l s :  R e g u l

hardware.

a t o r y  A g e n c y  a p p r o v a l s , i f  a p p l i c a b l e  t o  t h e  p a r t i c u l a r
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T e c h n i c a l  C o n t a c t : M r .  K e n n e t h  C .  H i l l ,  E n g i n e e r
Marine & Government Department

S tanda rd  I den t i f i ca t i on  No .  TP -3C-WI

A p p l i c a b l e  S t a n d a r d s :

pump Standard P-3C-WI-43 through P-3C-WI-57

Tota l  Package Standard TP-2C-18 through TP-2C-36

A p p l i c a b l e  S p e c i f i c a t i o n s :

M a t e r i a l  s p e c s

S c r e w  T h r e a d s  
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SPECIFICATIONS

Casing The casing is of the volule type and is de-
signed to produce a smooth flow with gradual velocity
changes. It is designed for vertical mounting with
heavy-duty flanges for base and motor mounting
brackets. It is split on the shaft centerline for ease
of Inspection or removal of interior parts. This may
be done without disturbing piping connection or pump
alignment. The casing halves are scaled by a pre-cut
gasket. Casing halves are accurately located by the
use of straight dowel pins. This eliminates the pos -
sibility of a mismatch between halves which would
impair both hydraulic and mechanical performance.

Impeller The impeller is a double-suction encloscd
type. It is hydraulically balanced by its inherent de-
sign. The impeller is firmly secured to the shaft by
a key and by external shaft nuts.

Renewable case rings Renewable case rings are
locked in place and protected against rotation by 2
Model pins.
Impeller rings. Securely held Impeller rings can be
supplied as an option.

Stuffing box bushing A renewable stuffing box bush-
ings provided which insures freedom from packing
trouble.

Shaft sleeve Renewable  shaft  sleeves are provided
which extend through the stuffing box. They are
securely keyed and held in place with shaft nuts in-
corporating nylon Inserts for locking purposes.

Shaft The shaft is of heat-treated steel,  ground to
accurate dimensions and polished to a smooth surface.

The shaft sleeves protect the shaft at the stuffing 
boxes. The sleeves are secured in lateral position by
external shaft nuts. The impeller keys are extended
into the hub of the shaft sleeve to prevent slippage
between the shaft and the sleeves. Scaling to protect
against leakage under the shaft sleeve is accomplished
by the use of "O" ring type seals, localcd between the
sleeve and the shaft. It is adequately sized and de-
signed to minimize deflection. The maximum run-
out of the shaft, at the stuffing box face, will not ex- 
ceed .002".

Dearings The hearings are single-row, deep-groove
type ball bearings. They arc  designed and sized for
at least 100,000 hours minimum rated bearing life. 
Each bearing is capable of carrying both line and
thrust type loads. They are securely held to  the shaft
by an easily installed snap ring.  Special flinger, shaft
scaling o-ring and labyrinth all protect lower bearing
from waler seepage.

B e a r i n g  B r a c k e t s The hearing brackets are separate
from the pump casing and are accurately machined,
and doweled to the casing. Perfect alignment between
housing and casing results in accurate alignment be-
tween rotor and casing.   Removal of dowels permits
removal of complete rotor assembly without disturb-
ing piping, base or motor.

Packing - mechanical seals As a standard, stuffing 
boxes will be packed with the best quality graphited
asbestos packing. Die-moulded packing is supplied,
as a standard, insuring both a perfect seal and an 
easy installation. Mechanical seals are available, if 
desired, and are easily interchangeable with packing

WORTHINGTON P6-5
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Procurement Standard Group IV

D e f i n i t i o n :  T h i s  s t a n d a r d  i s  a  d o c u m e n t  w h i c h  c o n t a i n s  t h e  i n f o r m a t i o n  i n

s t a n d a r d  f o r m a t  w h i c h  i s  r e q u i r e d  f o r  a  s h i p y a r d  t o  p u r c h a s e  v e n d o r

e q u i p m e n t  r e q u i r e d  f o r  P r o p u l s i o n  m a c h i n e r y . This  document  conta ins both

t h e  t e c h n i c a l  d o c u m e n t a t i o n  a n d  t h e  l e g a l  d o c u m e n t a t i o n (Eor the purpose

o f  t h i s  s t u d y ,  o n l y  t h e  t e c h n i c a l  r e q u i r e m e n t s  w i l l  b e  c o n s i d e r e d ) .

S t a n d a r d  F o r m a t :  

F o r  i n f o r m a t i o n  t h e  l e g a l  p o r t i o n  o f  t h i s  s t a n d a r d  w i l l  c o n t a i n

s t a n d a r d  s t a t e m e n t s  o f  W a r r a n t y ,  P r i c e  A d j u s t m e n t s ,  T e r m s  o f  p a y m e n t s ,

L i a b i l i t y  L i m i t a t i o n s , Loss Risks,  Shipp ing,  Delays,  Changes,  Drawing

A p p r o v a l  T e r m s ,  C a n c e l l a t i o n ,  a n d  T a x e s .

O n e  s t a n d a r d  t e c h n i c a l  f o r m a t

d e s c r i b e d  a s  f o l l o w s :  

E X A M P L E :  F i r s t  P a g e

appl icab le  to  a  pump purchase is

T i t l e : B r i e f  D e s c r i p t i o n  o f  i t e m  b y  s e r v i c e

I d e n t i f i c a t i o n : S t a n d a r d  i d e n t i f i c a t i o n  n u m b e r

A p p l i c a b l e  D o c u m e n t s :  R e f e r e n c e  t o  r e q u i r e m e n t s  s u c h  a s  o t h e r  s t a n d a r d s ,

R e g u l a t o r y  a g e n c y  s p e c i f i c a t i o n s  a n d  r e q u i r e m e n t s ,  e t c .

Q u a n t i t y of  Purchase

I n t e n d e d  S e r v i c e
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