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SHIP PRODUCIBILITY PROGRAM
TASK S-1 : PROPULSION 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

5.2.1 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 established. These assumptions are listed in 5.2.2.2.
Specific assumptions applicable only to the candidate being analyzed were
listed in the beginning of the economic analysis for that candidate.

4. Based 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 the work described in the subject cost item.

6 . In breaking down the cost items, for purposes of providing
simplicity, costs 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 these items between the “standards approach”
and the “existing approach” were negligible. Therefore those cost items
marked (X) were included in the analysis only when found to be sufficient
to affect the outcome.

8. Total comparative direct labor man-hours and material
costs required for the candidate in question were determined for each
approach.

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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Econoni ¢ Anal ysi s ol

Met hod Al ternatives

Cost Vari ance Back- up Present Proposed
Data Ref. Met hod Met hod
1. Material Dizect |
2 .Material Indirect
Subcontract Cost ®

4. Direct Labor & Fringes

5. Indirect Labor & Fringes

6. Engineering Labor &

_ Fringes
7. Supervision, Cerical &
Fringes

8.  Supplies o)

9. Set-up |
10. Scrap/Salvage Q@
11. Varranty & 1
12. I nventory \

3 Ot her &

14, COvertinme & Shift prem umQX

15. Maintenance & Repairs

16. Taxes & | nsurance &

17. Utilities ®

18. Floor Space ®
*19.  Depreciation &

20.  Subtot al I

2l. Less Project Expense QQ

22. Total

* For capital investments only; describe schedule used.

TABLE 5.1
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11. Using the “generalization method” the economic advantages
obtained for those candidates on which analyses were performed 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 discussed in 5.2.5.

15. Using the estimated savings for each type and size of ship,
the overall savings available to the industry through implementation of
standards, as delineated in Sub-task 2, for each year of the forecast period,
as well as for the complete forecast period (for the total number of ships
to be constructed within the period) 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 Basic Guidelines

For the purposes-of this sub-task, the definitions of the terms
used, the general assumptions made and the criteria followed were established.
5.2.2.1 Definitions
The terms as used throughout this analysis are defined
as follows:

Overhead Fixed costs including building depreciation, maintenance,

taxes, insurance, management salaries, utilities, etc.

Direct That which becomes incorporated in the final product, including
Material trim waste.

indirect That used to facilitate construction but does not become
Material a permanent part of the final product, i.e. fixtures, tools,

temporary guides, and shims, etc.

Direct That expended on changing the condition of and adding value
Labor to direct material.

Indirect That expended to facilitate producing the final ‘product
Labor but does not add value to the direct material, i.e.

set-up, crane operation, and other material handling, etc.

Net Wage Amount of net savings in wages only, in 1974 dollars, which
Reduction can be expected if the Standard approach is used.

Percent “Net wage reduction €xpressed as a percentage of total wages

Savings

in Wages for the specific standard.

Net Material Amount of net savings in material costs only, again in 1974
cost . dollars, which can be expected if the standard approach is used.
Reduction

Percent “Net Material Cost Reduction” expressed as a percentage of
Savings in
Material
Costs

total material cost for the specific standard.

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 specific

standard.
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5. 2..2.2. General Assumptions

The basic assumptions made to facilitate the economic analyses,
and generally applicable to all candidates, are the following:
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 $4.80 plus 25%
for fringe benefits which adds up to a total of $6.00 per hour.

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

Vacation: 4.99%
Holidays: 3. 28%
Hospital ization,.-Health & 8.5%
Life Insurance:
Pension: 6.9%
Shift Bonus: 1. 02%
Death Days: .AT%
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 $6.00
per hour including fringe benefits.

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

per hour including fringe benefits.
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5.2.2.3 Criteria

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

b.

propulsion plant and its ancillary equipment.

Analyses were performed in such a manner that they will be

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

owner, designer or vendor.

Estimates for direct labor man-hours and schedule tiines used

in the analysisis were based on any one of the following source

data:

.

Historical Data: This often is the only data existing, but
it is the most difficult source to use for comparison of
method changes.

Work Sampling: These data are established by calculating
the Standard deviation and determining the level of
confidence. When these data are available, judgment
should be used in selecting the statistical accuracy
desired.

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.” |t tor any cost items none of the above sources were
available, then costs were estimated using in-house pool of experience.

d. Only those savings which are real and which can reasonably
be achieved by appropriate management action were
considered. Inflating the savings .by using unrealistic
or unsupportable claims was avoided.

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 t0 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. They do include, however,
the savings from putting a “freed resource” to a new use.
Areas of prime concern for latent 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 in a
specific shipyard and as such would constitute a deviation
from the objective of this study. Nevertheless, latent
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 not 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 for all standards are to be

found at the end of analyses for each group.
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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.

(@]

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.

g. Add the two estimated % COSt reductions tO get the overall % cOSt
reduction attainable for the subject standard.

h. 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)
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Size Contribution for Boiler: Estimated 40% of total
Complexity Contr~bution for Boiler: Assume 60% of total

c. For the Main Condenser:

Estimate Size Rating: 30%

As compared to Main Boiler
Complexity Rating: 60%

d. Calculate Related Savings:

Estimated

Contribution % for Candidate Std % Similar Std % Savings
si ze .30 .40 .12
Compl exity .60 .60 .36
Total .48

Total Savings for Condenser: .48 x 18,570 = $ 8,900

5.2.3.3 Results of Generalization

The above process was repeated for all the Candidates in
Groups 11, lll and IV, and the predicted total savings for Candidates
in each group were listed at the end of economic analysis for that group.
(Refer tob5,4.3, 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 | -- 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.1.2 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.

ROSENBLATT & SON,

INC.

LIST | NG OF PROPULS ION PLANT COMPONENTS

FOR A PERENT SHIP

WITH 26, 000 SHP STEAM PLANT

Equipment/Component Quantity Standard Remarks.
Group
Main Steam Boiler 2 11
Main Turbine (Set) 1 Iv Hardware Std.
Main Condenser 1 Iv Hardware Std.
Reduction Gear (Set) 1 Non-Std.
Main Lube Oil Pump 2 Iv Hardware Std.
Forced Draft Fan 2 v .Hardware Std.
Main Feed Pump 1 I Ma-in Feed Pump Module
Fuel Oil Service Pump 1 I Fuel Oil Service Sys.
Module .
Main Circulating Pump 2 111
Main Condensate Pump 2 [V Hardware Std.
Fuel Oil Heater 1 [ F.O. Service Sys.Module
Lube Oil Cooler 2 lv Hardware Std.
First-Stage Feed Heater 1 [ First Stg. Fd. Htr
Module
Gland Exhauster [ First Stg. Fd. Htr.
Module
Drain Cooler I First Stg. Fd. Htr
Module
De-aerating Feed Heater 1 11
3rd Stage Heater l N.A.
4th Stage Heater : ; N.A.
i '
Automation System 1 ! I Non-Std.
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 | 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 $87,840 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, Il and IV Standards , for the parent ships become:

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

and

$182,402 +56,340= s238,742 for a diesel plant of-14,000 SHP.
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5.2.5 Prediction of Savings for Other Ships in the Forecast

In order to pre.dict the probable savings (due to use of
propulsion plant stahdards) in the construction cost of any ship
without going through an extensive analysis of all the propulsion
plant standards used on the vessel, 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 working
medium. In other words, it is estimated that all steam turbine plants
will yield a constant percentage of the total acquisition costs 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 prerequisi’te 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 | 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 (SHP)™®
and found to be A = $7,42 x 10°
Therefore the savings is:
s= .0382 ,7.42 ,10°= $283,000

Refer to Section 5.7.2 and Table 5-27 for estimation of

savings for all other steam plants. Diesel plant savings are

summarized in Section 5.7.2
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5.3 ANALYSIS OF TOTAL PLANT STANDARDS - GROUP |

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
efforts. 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.

It 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 iff any difference
between the existing approach and the standards approach. 11t was therefore
deemed premature to attempt an economic analysis of the gas turbine propulsion

plant.
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The following two total plants were selected for quantitative
analysis:
1. For Steam Plants: a 26,000 SHP Two Boiler two-stage feed
heating cycle geared steam turbine instailation.
2. For diesel plants: a 14,000 SHP medium-speed, geared

diesel installation.

5.3.1.3 Limitations of Analyses

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
guestion 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 26,000 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 | format
of Appendix C.I.I describes the possible contents of a total plant

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

5-23



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 Definition of Existing Approach

The economic analyses are based on a comparison of the
existing method of production in the U.S. Shipbuilding Industry for
the design of a total propulsion plant with the method of production
that would be used if the proposed total plant standards were
implemented and made available to the shipyards 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'ly*

5.3.2.2 Definition of Standards Approach

With the standards approach, the following specific

assumptions apply:

a. A formal “Total Plant Standard” for the SHP and type
of propulsion plant in question 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.I.I;
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c. For the shaft horsepower range in question, the
standard heat balances contained .in the formal
document' will be useable with little or no
modifications for all possible ship types and
variations.
The breakdown of cost items for the standards approach
is as shown below. (This breakdown was the basis for the analysis |
forms used in 5.3.2.3))

a. For Contract Design:

1. 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.

2. Review and finalize the standard pump and heat
exchanger sizing calculations.

3. Review and finalize the standard electrical load
analysis.

4. Review Standard schematic engine room arrangements
and add ship-plant interface.

5. Review and finalize standard piping systems schematics.

6. Develop engine room arrangements.
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7. Review and finalize standard piping diagrammatic
arrangements.

8. Review standard line shaft and bearing arrangements
and add interface with the ship.

9. Develop set of secondary contract drawings.

10. Amplify standard and compile information developed
into a contract specifications.

11. Finalize conditional ABS and USCG approvals.

b. For Detail Design:

1. Prepare equipment and material specifications.

2. Perform bidding and procurement operations.

3. Produce final heat balance diagram.

4. Produce final electrical load analysis.

5. Finalize shafting & bearings calculations.

6. Perform piping system stress analysis

7. Finalize piping system diagrammatic arrangement
drawings.

8. Develop complete set of detail working drawings.

9. Complete detail specifications for propulsion
machinery.

10. Prepare test & trial memoranda

11. Obtain ABS, USCG and 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 26,000 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:

Savings in Savings Schedule
Design Phase Labor Manhours In $ Time Savings
Months
Contract Design 6740 $60,660 4
Detail Design 3020 27,180 3
Total Savings 9760 87,840 7

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 $87,840. 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 that, depending on the overhead rate, the actual
savings will probably be considerably greater than the $87,840

estimated.
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5.3.3 14,000 SHP Medium Speed Diesel Plant Analysis

In the following pages ganalysis 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..1 Definition of Existing Approach

The present or the “existing” approach, in connection with
diesel propulsion plants, is defined in the same manner as with the
steam propulsion plant:

a. A design for the 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

asshown on the analysis formats of 5.3.3.3.

5.3.3.2 Definition of Standards Approach

The following specific assumptions are applicable for the
analysis 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. 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.

2. Review and finalize the auxiliary and support systems
for the main propulsion plant.

3. Review and finalize the standard sizing of equipment
and materials.

4, Review and finalize standard piping system schematics.

b. Review and finalize the standard electrical load
analysis.

. Review standard lineshaft and bearing calculations
and diagrammatic arrangements, finalize, and add
interface with the ship.

7. Review standard schematic engine room arrangements
and add ship-plant interface.

8. Develop engine room contract arrangement plans.

9. Develop contract diagrammatic arrangements for
piping sSystems.

10. Develop set of secondary contract drawings.
11. Develop contract specifications.

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

‘1

10.

Prepare technical and procurement specifications for
equipment and materials for the total propulsion plant.
Conduct bidding and procurement operations.

Perform final shafting calculations, finalize shafting
and bearings arrangements, obtain torsional vibration
analysis for the engine and shafting system.

Finalize diagrammatic arrangement of propulsion piping
systems, add interface with ship and other non-propulsion
piping systems.

Conduct final electrical load analysis required for
electrical one-line diagram.

Develop complete set of working drawings related to

the main propulsion systems.

Perform stress analys’is for the piping systems.

Develop detail specifications for the main propulsion

Sys terns.

Prepare test and trial memoranda.

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

approvals as required.
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5. 3. 3. 3 Cost Analysis

phase were anal yzed separately.

The contract design phase and the detai | design

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
Contract Design 4200 $37, 800 3.3
Detail Design 2060 18,540 3.0
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

siderably more than the estimated value of $56,340.
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5. 3. 4 Generalization of Results for Group | Standards

5.3.4.1 For Steam Turbine Plants

The results of economic analysis fora 26,000 SHP
Geared Steam Turbine Propulsion plant total package standard showed
that the total savings that can be expected is $87,840 in labor cost
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, “Forecast 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:

0  Two boiler, 4 heater cycle
0  Oneboiler, 2 heater cycle
0 One boi ler, 4 heater cycle
0 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 D - 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 =

$6.78x 10°

Percentage Savings = =——eZofem x 100 = 1.296%

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 5.3.3.3 and found to be $56,340.

The forecast includes ships with medium-speed diesel engine
propulsion pllants of 7,000 and 28, 000 SHP as well. Foljlowing the same
logic as for the steam turbine plants, and assuming that the percentage
savings on the basis of total acquisition cost is constant, the individual -
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°

The percentage savings:

% x 100 = 1.304%
l_,_-m v 1N

Applying this constant percentage value to other SHP ranges:
For 7,000 SHP Plant:

Savings = .01304 x2.78 x 19°= $36,251
For 28, 000 SsHP Plant:

Savings = .01304x 7.05 X.10°= $91,932
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5.4 Analysis of Module Standa*rds - Group Il

54.1 General

5.4.1.1 Brief Description of Group Il 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 Analysis

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. Fuel Qil Service System Module

2. Main Feed Pump Module

3. Diesel Accessory Rack Module
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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 various
Cost items. 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
repairs, etc. it is quite clear that these cost items will require
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 “Make-or-Buy” Decision

Once the rﬁodule standards are developed and implemented,
the shipyards will 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 specia_l 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 |, 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:
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Responsibility

Proficiency of procurement
Proficiency of assembly
Quantity buys

Profits or mark-ups

Delays

7. Delivery times

8. Work for personnel at slack times

10.

11.

Module design costs
Module design control

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 produlction “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):
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a. Procurement Phase

1. Technical department direct labor

2. Contracts department direct labor

.3. Planning and estimating department direct labor
4. Bid and response

5. Equipment costs.

b. 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
1. Inventory

8. Maintenance and repairs

c. Test and Check Out Phase:

These costs are assumed 1O be equal for the Present

and Standards approaches.
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5.4.2 Cost Analysis

1

The cost analyses 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 cost items were estimated one by one. Since

no precedent existed for a standards approach of the type in question,
all cost values were necessarily estimated by MR&S.

in the analysis forms that follow, the recurring cost
items are identified with the symbol ® . The savings for these 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
Fuel Oil Service System Module $17,470 $12,835
Main Feed Pump Module 11,757 7,407
Diesel Accessory Rack 31,607 20,804
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5. 4. 3 Generalization of Results for Group |l 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 IlI. Table 5-16
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 following 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: Size: 35%

Complexity: 65%

Diesel Accessory Rack Module: Size: 40%

Complexity: .60%



< TANDORD oveRalLL

MobuLe sA\;Nas Rer.
FUEL Oll..' SeERvicE SrsTam \7, 470 S.4.2.1
Man Feep Pump W, 757 S.4. 2.2
DiIEsEL AcceEssory Racke 31, 607 S.4.2.3%

TABLE S5.15
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5.5 Anal vsi s of Envelope Standards - Group llI
55.1 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” was discussed In
4521and 4. 5. 3. 3, this standard concept is based on an imaginary
cube envelope around the equipment. All mechanical 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. Boiler Envelope
2. Lube Oil Purifier Envelope

3. Main Feed Pump Envelope
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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 analyzing the cost items for each Can-
didate Standard. Especially such cost items as crane time, set-up
time, inventory, maintenance and repairs, etc., may vary considerably
from one shipyard to another. 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 toO
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 US. Shipyards
today for those equipment which are candidates for envelope standards
can be summarized as follows:

a. The equipment is purchased through normal channels

and following usual procurement procedures.
b. The equipment is stored and protected in the shipyard

until it is ready for installation on board ship.
C. All mechanical, electrical and other external

connections to the equipment are made after installation.
d. 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 Dpefinition 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 envelope “incl udes the standard base and the shipyard
can prepare ship’s foundation to match using the drawings
in the standard document without waiting for vendor’s

plans.

The breakdown of cost items are the same as for module

standards as shown in 5.4.1.

and on analysis formats as well.
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5.5.2 Cost Analyses

The breakdown of cost items for the existing and stan-
dards approaches as described in5.5. 1.4 and55.1.5 were used as
a basis for the cost analyses of envelope standards.

For the existing 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-
bol (R) in the analysis forms that follow. The savings for these
cost items will repeat themselves even if multiple ships are being
built.

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 = $ 4,461

Main Feed Pump Envelope = $5,394
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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 them for comparison as a similar standard:

Main Boiler Envelope:
Size 1 40%

Complexity : 60%

Lube Oil Purifier Envelope:
Size : 60%

Complexity : 40%1

Main Feed Pump Envelope :
Size : 50%

Complexity : 50%
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5.6  ECONOMIC ANALYSI S OF-1 NDI VI DUAL EQUIPMENT STANDARDS - GROUP IV

5.6.1 General ,

5.6.1.1 Brief Description of Group |V Standards

The Group IV Standards should be implemented by
means 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 from
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.

5-67



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 (See Section 4.6.2):

Main Condensate Pump

Starting Air Compressor

Main Boiler

Each of these candidates will be economically .
analyzed for each of 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 will be assumed that standards are available). The “present”
and “standards” approaches are more clearly developed in 5. 6. 1. 4
and5. 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 catalog library which isnot complete nor
standardized.

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

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 library which is not complete nor
standardized.

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 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.
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For Hardware Standards

1. Shipyard has a catalog |ibrary which is not complete nor
standardized,.

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

3. A certal n anpbunt of revisionto the heat balance calculations,
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.

5. It is assumed 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.

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
initial stages of design, the revisions to various contract

design work will be reduced by 25%.

B. For Procurement Standards

1. The shipyard has a “procurement standard” available for the

subject component.

Procurement standard contains all technical arid legal

information needed tO incorporate the subject component 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 ~ 50%.

Revisions to contract design calculations and diagrams will be

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

1. The shipyard has a "‘Hardware Standard” available for the
subject comchnent.

2. The Standard contains all technical and legal information,
including:
a. Performance characteristics
b. Operating characteristics
c. Interface requirements
d. Packaging information
e. Installation drawings and procedure
f. Critical materials specifications
o+ Regulatory body approvals
h. Test memoranda & quality control requirements
i. Purchase specifications

3. It is assumed that based on the information available in the
Standard,. the Manufacturers will have developed complete
machine designs for manufacture and set-up for manufacture
on the component in question.

4. 1t is further assumed that with the completely accurate
technical data available in the 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 Anal yses

The Goup IV, Individual Equi pment/Conponent Standards
were analyzed for each of the three different types of standards
In the follow ng pages, the basis of analyses are listed in the form
of a detailed breakdown of cost items. The cost itens for each type
of standard, nanely the data, the procurenent and the hardware standard,
are presented in an analysis formin 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 Wrks
Corrporation are used for estimating the procurement phase cost itens for
the existing approach. The remaining cost items and the standards
approach analysis figures were estimted by MR&S

The recurring costs are identified in the analysis
forms by a (+) sign wunder the proper colum. As it was pointed out
earlier, in connection with the ndule and envel ope standards cost
anal yses, the savings for these cost items will repeat thenselves
even if a contract for nultiple ships were awarded. Al other cost
items are non-recurring; and as such, they are applicable to the first
ship of a type or class to be built in any one shipyard

The analysis results indicate that the follow ng
over-all savings are attainable when using Goup |V standards as

conpared to the present approach of no standards:

Dat a Procur ement Har dwar e

Std Std Std
Mai n Condensate Punp 1,350 2,124 4,842
Starting Air Conpressor 1,242 1,980 4.698
Mai n Boi l er 3,510 6, 300 18,570
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5.6.2.1 Detailed Breakdown of Cost |tens

5.6.2.1.1 Data Standard
Cost Item# | : Establish Design Requirements

a) Review prelimnary heat bal ance & establish
Performance characteristics
Operational characteristics
b) Review ship specs - determne space & weight relation if any.
cost Item#2: Review Industry Availability

a) Use in-house catal ogues/brochures or information files

1 - Determine if any nfrs have products that fulfill requirenents

2- Select a sufficient nunber of nfrs whose products
general requirenents

3 - Wite technical specs for the conponent endeavoring not to

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

1 - Select conponents from the data standard

2- Wite technical specs for the conponents selected.

Cost Item# 3. Prepare Purchase Specs:

a) Based on Technical specs of cost item #2, wite procurenent Specs.

b) Incorporate |egal and sales information into the procurenent specs.
Cost Item #4: Procure

Procure item follow ng normal shipyard procedure.
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Cost 1 tem# 5: Incorporate Conponent into Ship Design

a) For Existing Approach, obtain vendor's data from the nfr. and:
1 - Revise heat balance to reflect changes in conponent data as
conpared to those assumed for prelimnary heat balance.
2- Using size info., develop contract arrangenent dwgs.
3- Use weight info. re ship's weight estinate.
4- Use piping & valve size info. to develop related piping
system schemati cs.
5- Use prime nover power characteristics info. to revise
prelimnary electrical |oad analysis.
b) For Standards Approach, use data std to do the same work as pr

(a) above.
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Cost

5.2.1.2 Procurenent Standard

[tem # 1: Establish Design Requirenents

Cost

a) Review prelimnary heat balance & establish
Performance characteristics
Operational characteristics

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

[tem # 2: Review industry Availability

Cost

a) Use in-house catal ogues/brochures or information files
1 - Determine if any nfrs have products that fulfill requirenents
2- Select a sufficient nunber of nfrs whose products neet
general requirenents
3 - Wite technical specs for the conponent endeacring not to

stifle conpetition.

1 - Select conponent fromthe “data’ section of procurenent
standard
2- Select technical specs fromthe “specs” section of procure-

ment standard.

|tem #3: Purchase Specs

Cost

a) Prepare purchase specs & Legal & Sales info
b) Select Std. Purchase Specs.
|tem #4: Procure

Fol | owing normal shipyard procedure (using std. procurenent specs.)

|tem #5: Contract Design

cost

a) For Existing Approach, obtain vendor's data fromthe nfr. and:
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1- Revise heat balance to reflect changes in conmponent data
as conpared to those assuned for prelimnary heat balance

2- Using size info., develop contract arrangement dwgs.

3- Use weight info. re ship’s weight estimte

4- Use piping & valve size info. te develop related piping
system schematics

5- Use prime nover power characteristics info. to revise
prelimnary electrical load analysis.

b) For Standards Approach, use data std to do the sanme work as pr

above.

,\
s
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5.6.2.1.3 Hardware Standard

Cost Item #1: Establish Design Requirements
a) Review prel irninary.heat balance & establish
Performance characteristics
Operational characteristics
b) Review ship specs - deternine space & weight relation if any.
Cost Item#2: Review Industry Availability
a) Use in-house catal ogues/brochures or information files to
screen conponents available to industry:
1- Determine if any nfrs have products that fulfill requirenents
2- Select a-sufficient number of nfrs whose products meet
general requirements
3 - Wite technical specs for the conmponent endeavoring not to
stifel conpetition.
b) For the Standards Approach, use “Hardware STandards”
- Select standard hardware which nost nearly fulfills require-
ments of design
Cost Item #3: Procurenent
a) Prepare Purchase Specs.
b) Procure itemfollow ng normal shipyard procedure (using tech.
specs from2.a or 2.h)
c) Select STd Purchase Specs from hardware Std.
d) Procure itemfollow ng normal shipyard procedure (using pro-

curenment specs from hardware standard) - for the standards approach.
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cost |tem#4: Incorporate Conponent into Ship Design

For Existing Approach, obtain vendor’s data fromthe nfr. and:

a) Revise heat balance to reflect changes in conponent data as com
pared to those assuned for prelimnary heat bal ance.

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

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

e) Use prinme nmover power characteristics info. to revise pre-

limnary electrical load analysis.

NOTES

L. For existing approach, prelimnary calculation, diagranms, estimates

and arrangement will have to be revised after obtaining vendor's data for
the conmponent. In the standards approach, all data needed to finalize the
prelimnary work is contained in the hardware standard - so that no revision

I'S necessary.

Cost |Item #5: Manufacture
a) Prepare Design
b) Set-up for Manufacture

¢) Production

NOTES :
1. Wth the standards approach, set-up for manufacture may require |ess
time in the long run since changes fromone set-up to another will have been

establ i shed and therefore can be effected in a mnimmof tine.
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2. Wth the standards approach, the manufacturers will not have to devel op
repeated learning curves. The learning curve will be there except for the
very first time a standard hardware is produced. Special machinery, tools
dies, nolds, etc. will have been bought, manufactured or otherw se nmad 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 nechanical (piping, etc.) Conn's
2. Mke electrical connections

3. Provide quality contro

NOTES

L Since physical dinensions and bolting and/or other fastening require-
ments will be available in the hardware standard, these work items can be
acconplished 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-forned
pi ping sections and obtain tinme (& labor) savings in actual construction
wor K.

3. Since shipyard quality control personnel wll have become famliarized
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 installation

NOTES

L, There may be some savings in this cost item9 with the standards approach)

due to standardization of test procedures as delineated in the hardware

St andar d.

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

of all systenms is very nuch inter-related
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5.6.3 Generalization of Results for Goup |V Standards

Table 5-25 is a summary of results for the economc
anal yses 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 candidates in Goup IV.

Table 5-26 lists all of the individual equipment standards
considered in Subtask 2, identifies each of these with a simlar.
standard from Table 5-25, and calculates the predicted overall
savings obtainable through its use.

The followng size and conplexity contributions are
assumed for each of the economcally analyzed standards for use when
adopting them for conparison as a simlar standard:

Mai n Condensate Punp:

Si ze . 50%
Conpl exity: 50%

Starting Air Conpressors:
Size . 70%
Conpl exity: 30%

Mai n Boiler:
Si ze o 40%
Conpl exity: 60%
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5.7 Synthesis of Econonm ¢ Anal yses and Application of Savings

to Forecast - Ships

5.7.1 Percentage Savings for the Parent Ships

The total savings available through inplementation of standards in
all of the four groups (as shown in Table 5-3) for the parent steam
propel I ed ship was estimated to be approximately $264,000 (see 5.2.4).
It will be recalled that the parent ship had a steam turbine propul sion,
plant of 26,000 SHP with 2 main boilers and 2 stage feed heating.

The machinery acquisition cost for this plant can be estinated

by using the cost equations devel oped from Jose Fenmenia's paper

"Econoni ¢ conparison of various Marine power plants” (1) by escalating

the constants to correspond to 1974 dollars. The equations were |isted

that exist in the forecast.

1. Two Boiler, 2 Heater Cycle:
A= 42855.7 X (SHP)°°

2. Two Boiler, 4 Heater Cycle:
A = 44067.6 (SHP)®®

3. Single Boiler, 2 Heater Cycle:
A= 38589 (SHP)™™

4. Single Boiler, 4 Heater Cycle:
A = 42936 (SHp)*™

5. Reheat Cycle:
A= 51928 (SHP)™*

(1) SNAME Transactions, Volunme 81, 1973, page 79
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For the parent ship, the applicable cost equation is 1. Therefore:

Acquisition Cost:

A= 42855.7 (26,000))0'5 = $6.91 x 10°

and Percentage Savings:

a= 264000  x 1090=3.82%
6.91 X | 0’

For the parent diesel-propelled ship, the total savings available through
inpl ementation of standards in all four groups was predicted to be $238, 700
in 524

The machinery acquisition costs for medi umspeed diesel propulsion

plants can be estimted by the equation

A= 11,374 x (SHP)***

For the 14,000 SHP Parent plant:
Acquisition Cost A - 11,374 (14,000)"* “$4.31 x 10°
and percentage savings:

238,700

4,31 x 10
5.7.2 Predicted Savings for Ot her Ships

It is assumed, for the purposes of this feasibility study, that for
all steamplants of varying cycle types, the savings due to Standards as
proposed will be a constant fraction of the total acquisition cost of the
propul sion 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 Fenenia's equations listed above in 5.7.1, the
acqui sition 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 calcul ations
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The diesel propulsion plant 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 becone:

For 7,000 SHP Diesel Plant:

11,374 x (7,000)°% 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) "™ X .05538 = $367, 619
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5.8 A PRQJECTI ON OF | NDUSTRY- W DE BENEFI TS

The benefits to be expected from the inplenentation of proposed
standards will be in the formof labor, material and scheduling tine
savings. The savings in labor and material costs, in the present analysis
were conbined into one total and given the name "total savings."

The total savings were estinmated

a. For several selected candidates in each group of standards
by economical |y analyzing the cost items in accordance with
the methodol ogy of 5.2 and comparing the present nethod of
approach with the Standards approach.

b. For remmining standards in each group, by extrapolating the
results of analyzed standards follow ng the nethod 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 5.2.4.

d. For other steam and diesel propulsion plants, and therefore
for other ships that are included in the forecast, by assumng
a constant percentage savings based on the total acquisition
cost of the plant in question (5.2.5)

The scheduling time savings were also estimted wherever applicable

and possible. But is it considered unrealistic to generalize on these
Therefore in investigating industry-wde benefits we will limt ourselves

to labor and material savings only.
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The results obtained are used to estimate the over-all industry-w de
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 Propul sion
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
propul sion plants of the type listed. Table 3-6 is a sinlar conpilation
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 nunmber of ships to be
contracted for in that year with that propulsion plant. In estimating
the total savings for the first year of inplenmentation, 1975, it was
assuned that each of the ships to be contracted would result in unit
savings corresponding to the type of plant and the SHP range. For
succeeding years of standards inplenentation, however, several of the
ships were assuned to be part of a series construction and therefore
they were assunmed to provide no additional savings.

To clarify the approach, let us consider the follow ng
exanpl e:

In the year 1976, 10 ships will be contracted for with a B-37
propul sion plant. (The symbol B-37 corresponds to a “Two Boiler-Four Stage
Feed Heating” cycle of 37,000 SHP power range.) It was assuned that 4 out
of 10 of these ships will be part of a series construction belonging to the
remai ning six contracts. Therefore, out of a total nunber of 10, ships
only 6 are assuned to offer the unit savings.

In tables 5-28 and 5-29, the nunber of series ships and the

nunber of ships which will provide savings are identified for each year.

5-101



5.8.2 For the Total Forecast Period

In order to estimate the total savings for the conplete
forecast period, the influence of escalation in labor and material costs
woul d have to be taken into consideration. Al 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 uniformty in econonmic analyses. None of the
costs are inflated past July 1974. As an initial approach, these costs
wll be subjected to a 9% per year escalation rate and the total estinated
savings wi |l be determ ned

Table 5-30 shows the result of escalating conbined 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. it is assumed
that gas turbines will provide no additional savings for the purposes of
this study.

The projected industry-wi de benefits escalated as described
above appear to be in the order of $81,353,000 - for the total forecast
period. The uninflated industry-wi de benefits are approximtely $51.S nmillion
It nust be renenbered that the numerical results obtained here depend on
the assunptions made and criteria adopted, and therefore their accuracy

islimted 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 Sunmary and Concl usi ons

5.9.1 Ceneral

The technical analysis, subtask-2, resulted in the
selection of certain systens, sub-systenms and conponents of different
types of propulsion plants as potential candidates for which standards
may be devel oped. The selection was based on technical feasibility,
industry acceptance and a qualitative consideration of economc
advant ages.

Table 5-31 lists all the candidates under the four
proposed primary standards groups.

In the course of subtask-3, econonic anal yses were
performed of the potential candidates in order to determine the magnitude
of cost and schedul e savings of an installed propulsion plant. The nethod
used was conducting specific detailed econom c analyses on a representative
sanpling of potential candidates and then generalizing to obtain cost and
schedul e savings for all remaining potential standards.

As a representative sanpling, the follow ng candidate
standards (from Table 5-31) were selected for quantitative treatnment in
the context of an econonmic analysis:

Goup | - Total Plant Standards:

- 26,000 SHP Steam Turbine Propul sion Plant

- 14,000 SHP Medi um Speed Diesel Propul sion Plant

Goup Il - Mdule Standards

- Fuel Q1 Service System Mdul e

- Main Feed Punp Mdul e

Di esel Accessory Rack Mdul e
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POTENTI AL CANDI DATES FOR STANDARDS

FROM SUBTASK - 2

GROUP - TOTAL PLANT STANDARDS

GROUP Il - MODULE STANDARDS

Steam Turbine Propul sion' Plants
15, 000- 17, 500 SHP

24,000 - 26,000 SHP
28,500 - 32,000 SHP
36,000 - 40,00 SHP
43,000 -45, 000 SHP
50,000 + SHP

Di esel Propulsion Plants

7,000 SHP
14,000 SHP
28, ooo SHP

Mai n Condensate Punp

Main Feed Punp

Fuel QO Service System

H gh Pressure Feed Heater
power Unit

Lube Q| Purifier

Lube Q| Service System
Low Pressure Feed Heater

Di esel Accessory Rack
Diesel Air Starting Package

GROUP |V - |NDI VI DUAL EQUI PVENT/

GROUP Il - ENVELOPE STANDARDS

COVPONENT  STANDARDS

Mai n Boi | er

Mai n Tur bi ne

Main Diesel Engine

Mai n Condenser

Mai n Reduction Cear
Main Feed Punp

Mai n Condensate Punp
Main Grculating Punp
Lube G| Purifier

Lube G| Service Punp
Fuel Q| Service Punp
Deaerating Feed Heater
Low Pressure Feed Heater
Fuel Q| Heater

Bridge Controls

Engi ne Room Control s
Air Preheater

Economi zer

Air Ejector

Exhaust Gas Boil er

Main Boi | er

Mai n Turbi ne

Main Diesel Engine
Mai n Condenser

Main Reduction Cear
Main Feed Punp

Mai n Condensate Punp
Lube Ol Service Punp

First Stage Feed Heater
Boi l er Controls

Engine Controls

Forced Draft Fan
Deaerating Feed Heater
Fuel Q1 Service Punp

Lube O Purifier
Fuel O Purifier
Lube O Heater
Lube G 1. Cool er
Fuel Ol Heater
Air Ejector

Air Preheater

Thrust Bearing
Fresh Water Cool er
Red. CGear L.QO Booster Punp

TABLE 5 - 31
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Goup | I 1 - Envelope Standards

- Main Boiler Envel ope

- Lube G| Purifier Envelope

- Main Feed Punp Envel ope

Goup Iv- Individual Conponent/Equipnent Standards

- Main Condensate Punp

- Starting Air Conpressor

- Main Boiler

Each candidate standard in each group was then econonically
anal yzed and savings to be expected by the adoption of the subject standard
as conpared to the existing non-standard approach was estimated

Table 5-32 summarizes the results of economc analyses.
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TABLE 5 - 32: ANALYSIS OF SAVINGS

GROUP TYPE NAME OF LABOR + TOTAL SAVINGS
OF OF CANDIDATE YARD MAT'L | cosT NET 3 3 % OF
sTANDARD |  sTANDARD STANDARD coST * TOTAL | OF YARD |OF TOTAL |HACH'Y REF.
s @ $ @] $ @| cost B cosTB)) Aca.cosT(R)
[ 26,000 SHP STEAM | 234,900 | 258,400 |87,840 | 37.4 | 34.0 1.29  |[Note
TOTAL SOFTWARE |— :
PLANT 14,000 SHP DIESEL | 166,500 | 183,200 [56,340 | 33.8 | 30.8 .30 |Note
. F.0. SERVICE SYST. | 27,600 99,600 [17,470 | €3.3 | 17.5 0.26  pNote
SOFTWARE | MAIN FEED PUMP 20,700 | 108,700 |11,757 | 56.8 | 10.8 0.17
Manut £
MODULE DIESEL ACCES. RACK , 46,900 | 1hk,900 31,607 | 67.4 | 21.8 0.73
o MAIN BOILER 49,000 | 690,000 17,124 | 34.9 2.5 0.25 |[Note (0,
SOFTWARE | L.0. PURIFIER 11,000 20,000 | 4,461 | nwo.6 | 22.6 0.07
CMUECL NDE
ENVELOPE MAIN FEED PUMP 13,700 46,700 | 5,394 | 39.4 | 11.5 0.08
" : MAIN CONDENSATE p. | 7,800 21,000 | 1,350 | 17.3 6.4 0.02 |Note 41
h DATA STARTING AIR COMP. , 7,800 24,800 1,242 15.9 5.0 0.02 '
INDIVID'L |
EQU | PHENT MAIN BOILER h2, 500 662,000 | 3,510 8.3 0.5 | 0.05
/ MAIN COND. P. 7,800 21,000 | 2,124 | 27.2 | 10.14 0.03
conpongny | PROCUREMENT | ST. AIR Comp. 7,800 | 24,800 | 1,980 | 25.4 8.0 0.05
- " MAIN BOILER k2,500 682,000 6,300 14.8 0.9 0.09
"MAIN COND. P. 7,800 21,000 Iy,842 62.1 23.1 0.07
HARDWARE | ST. AIR CoMP. 7,800 24,800 | 4,698 | 60.2 | 18.9 0.11
, MAIN BOILER 42,500 | 682,000 [18,570 | 43.7 2.7 0.27

%k Fnerlealad miibon __f_ . a_ . _a. -~ ae -




Notes for Table 5-32

1. Under this colum,, the costs of acconplishing the specified work”

in the shipyard in connection with the Candidate equi pment or services

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

and each is explained in Notes 7, 8, 9. 10 and 11 below.  These represent
the costs for existing approach

2. Total cost is defined as the shipyard cost as listed in Colum |. plus
the purchase price of the equipnent(s) that may go into the Standard. These
are also existing costs.

3. 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 sinply by dividing
nunbers in colum 3 by nunbers in colum 1.

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

the utilization of a candidate standard as a percentage of the total cost
for the existing approach for the sane quantity of equipment and/or
component s.

6. The nunbers in this colum 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

val ues are obtained by dividing colum 3 by the acquisition cost for the
propul sion plant into which the candidate standard in question bel ongs

For the diesel accessory rack and starting air conpressor, 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 Goup | candidate standards i s obtained by adding
approxi mately 10% al | owance-for indirect |abor and material to the cost
estimted in the analysis.

8. The total cost for nodules are calcul ated separately by using source
data for “individual conponents, when available, and by contacting sone
Manuf act urers.

9. The total costs for envel opes are cal cul ated separately by using
avai |l abl e source data (Shipyard Source)

10. The total costs for hardware standards are obtained by adding purchase
cost of the equipnment in question to the “labor + yard material” cost

estimated in colum 1.
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5.9.2 Analysis of Results

ways:

a. Under the colum “Net Total $“,
the heading inplies, in ternms of net dollars to be gained when

in question is inplemented and utilized.

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

the savings are reported, as

the standard

It is evident that greatest

dollar savings are possible by utilizing the follow ng standards:

L
2.
3.

10.

11,

total Steam Plant Standard
Total Diesel Plant Standard
Di esel Accessory Mdul e

Main Boiler Hardware Standard
F.O System Mdul e Standard
Mai n Boil er Envel ope
Main Feed Punp Mbdul e
Main Boiler Procurement Standard
Main Feed Punmp Envel ope

Mai n Condensate Punp Hardware
Standard

Starting Air Conpressor Hardware
Standard
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$87, 840
$56, 340
$31, 607
$18, 570
$17, 470
$17,124
$11, 757
$6, 300

$5, 394
$4,842
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b.  Under the colum "% of Yard Cost," the savings are reported
as a percentage of the shipyard expenses in connection with the subject
equi pment exclusive of its purchase cost. The candidates showi ng greatest
prom se of savings in this sense are:

1. Diesel Accessory Mdule Standard 67. 4%

2. F.O Service System Mdul e 63. 3%

3. Mai n Condensate Punp Hardware 62. 1%
Standard

4. Starting Air Conpressor Hardware 60. 2%
Standard

5. Main Feed Punp Mdul e Standard 56. 8%

6. Main Boiler Hardware Standard 43, 7%

7. 1.0. Purifier Envelope Standard 40. 6%
8. Mai n Feed Punp Envel ope Standard 39. 4%

9. Total Steam Plant Standard 37. 4%
10.  Main Boiler Envelope Standard 34. 9%
11. Total Diesel Plant Standard 33. 8%

c. Under the colum “%of total cost,” the savings are reported
as a percentage of the total rests relating to the subject equipnent,

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

fol l ows:
1. Total Steam Plant Standard 34. 0%
2. Total Diesel Plant Standard 30. 8%
3. Main Condensate Punp Hardware 23. 1%
Standard

4. L.0, Purifier Envel ope Standard 22. 62

[Sa]

Di esel Accessory Rack Mbdul e 21, 8%
Standard
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6. Starting Air Conpressor Hardware 18. 9%

St andard
7. F.O Service System Mdul e Standard 17. 5%
8. Main Feed Punp Envel ope Standard 11. 5%
9. Main Feed Punp Mdule Standard 10. %6
10.  Main Condensate Punp Procurement 101 %
Standard
11, Starting Air Conpressor 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 propul sion

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

is as shown bel ow

1. Total Diesel Plant Standard 1. 30%
2. Total Steam Plant Standard 1 29%
3, Diesel Accessory Mdule Standard 0.73%
4. Main Boiler Hardware Standard 0.27%
5. F.O Service System Mdul e Standard 0 26%
6. Main Boiler Envel ope Standard 0.25%
7. Main Feed Punp Mdul e Standard 0. 17%
8. Starting Air Conpressor Hardware 0.11%
Standard
9. Min Boiler Procurenent Standard 0. 09%
10.  Main Feed Punp Envel ope Standard 0. 08%

11, Main Condensate Punp Hardware Standard 0. 07%
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It nust 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 perforned, and therefore the magnitudes and
priorities they indicate are accordingly dependent upon the accuracy of
and the justification for the assunptions 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 utilizatiot
of standards is definite. And it is possible to study these trends and
arrive at the conparative benefits of any one group of standards over the
ot hers.

Again in connection with the estimated or predicted savings
the foll owing shoul d be renenbered:

a) The savings are calculated on the basis of a direct |abor rate
of 9 %hr for engineering manhours and 6 $/hr for yard |abor 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 |ower |evel
standards in a higher level standard -- for exanple,.by using two main
feed punp hardware standards in a standard main feed punp nodul e

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) Al savings are reported in terms of 1974 dollars. No escalation
is applied past July 1974.

f) The savings as reported include effects of 'recurring as wel
as non-recurring costs.

5.9.3 Concl usions

The savings 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
dol | ar savings of $87,840, percentage total savings of 34% and percentage
acqui sition cost savings of 1.29% for the total steam plant are the highest
savings obtainable anong 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 inportant purchase costs are
i nvol ved.

It is evident that, even within the limted extent of total
pl ant standards as used in this analysis, the savings are tangibie. Wen
and if a nore extensive total plant standard, including a greater portion
of detail design and possibly all of contract design, is adopted and
inpl enented, then the savings wiil be much greater. In the course of
prelimnary 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 tinme savings of
approxi mately 13 nonths; corresponding savings for the total diesel plant

is in the vicinity of $115,000, and 12.5 nmonths of scheduling tine.



Effectively, these standards would rank highest in cost effectiveness
and it isrecomended that they be further investigated for utilization
in the inplenentation of the standards program

In ternms of net dollar savings and also in ternms of savings
as a percentage of yard costs and acquisition costs, module standards and
hardware standards of fer very good possibilities. The diesel accessory
rack nodul e standard promises a net savings of $31,607, and the Fuel Ql
Service System Mdule Standard promses $17,470. These correspond
respectively, to 67.4% and 63.3% of the yard costs for the subject
equi pnent / conponents.  The savings reported for Mdules in Table 5-32
are those attainable with Alternative 1 Standard approach. This is to
say that the shipyards would buy a Vendor-assenbled standard nodul e and

sinply install it on board. The respective savings for Alternative 2

standards approach, which calls for the standard nodules to be assenbled
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 fromthe four different priority classificatior
that the nodul e standards always enter the “best savings" listing. The
three nodul e standards that were economcally analyzed, occupy 3rd, 5th
and 7th places in the “net dollar savings”; Ist, 2nd and 5th places in the
"percentage of yard cost” gayings: 5th, 7th and 9th places in the ‘percentage
of total cost” savings; and 3rd, 5th and 7th places in the “percentage of

acqui sition cost” savings
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These results reinforce greatly the qual itative conclusions

reached during Subtask-2 technical analysis efforts that nodules are the

most viable candidates to wite standards for. It might be well to point

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

a desire to design their own standard modules to suit the space requirenents
in their specific ship constructions. However, it is believed strongly

that when the “nationally devel oped nodul e standards” are inplemented

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 nodul es without any disadvantageous space problens, but wth

all the ensuing benefits in the form of savings.

As poi nted out above, the hardware standards al so offer
very good savings possibilities. The three hardware standards, which
were econom cally analyzed, occupy the follow ng ranks in savings
classifications.:

In Net Dollar Savings = 4th, 10th and Ilth
In % Yard Costs = 3rd, 4th and 6th
3rd and 6th

In % Total Costs
In % Acquisition Costs= 4th, 8th and IIth
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 econom c analysis (of individual equipment standards), it is a
wel | known fact that the boiler manufacturers, much |ike the gas turbine
manuf acturers, have already standardized their product lines quite
extensively. In this sense, it is highly probable that very strong
resistance will be net from Vendors when a different set of hardware
standards are attenpted. It follows that, froma practical standpoint,
the main boiler should not bhe selected as a final candidate to wite
har dwar e standards for

One may argue that the above reasoning would hold true
for other equipment such as punmps, heat exchangers, conpressors and
the like. And it would, indeed, in nost casesl However, the size and
conplexity of these equipnent are small conpared to the main boilers;
and the nunber of qualified Vendors for themare many times that for
boilers. It is therefore considered possible that the vendors of these
equi pments may yield to nationally inplenented 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 inportant savings should be expected
through the use of data standards and procurenent standards for individua
equi pment.  Even though one particular procurenent 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 sanme 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

mai n condensate punp and the starting air conpressor. The net savings
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for these two are $2,124 and $1,980 respectively. The neager savings
leads one into doubts as to the justification of witing procurenent
standards for these equipnent. However, it will be recalled fromb5.6.
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 inplenentation of hardware standards
being desirable, so are the data and procurenent standards. One word
of caution may be added here that for large equipment such as main
turbines and main diesel engines for which manufacturers already have
standardi zed product lines, the individual equipment standards may not
be beneficial at this point in tine

The envel ope standards seemto offer the |east savings

as a group. The priority classification is as follows:

In Net Dollars Savings 6th and 9th places

7th, 8th and 10th
4th and 8th

In % Yard costs

in %Total cost s

In %Acqu’isition Costs 6th and 10th places

Again, the main argunments for envel ope standards, as
discussed in 5.5.1, should be borne in mind. It wll be remenbered
that space requirements were a mjor factor in using envel opes. For
this reason, it was concluded that |arger equipment in congested areas
of engine roons would probably not lend thenselves to economically
feasi bl e envel ope applications. The main boiler envelope, for exanple
even though it promises the 6th ranking net dollar savings, of $17,124,
may not Dbe feasible since it would require additional space in an area
where space is already at a premum If we exclude the main boiler
envel ope fromthe priority listings for this reason, we will be left
with only the main feed punp envelope that makes the priority list

with $5,394 net savings and ranks 9th
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The main advantage of the envel ope standard, of course
is the interchangeability of various manufacturers’ equipnent without
interfering with their specific and different designs. In this sense,
the smaller equipment |ike punps, purifiers, heat exchangers, contro
consol es, etc., can be recomended for envel ope standards. Furthernore
when the nost of developing and instituting standards are considered,
the envelope standards, as far as smaller equipnent are concerned, " may
prove to be nore advantageous than the hardware Standards since the
envel ope standards would require no changes in the Manufacturers’ product
lines. The manufacturers would sinply have to add a few connections and
bring these to the interface points on the surface of the envelope. In
addition to the advantage of |ower devel opment costs for the envel ope
standards, the resistance from the vendors against inplenenting these
standards would be very small, if any, as conpared to their understandabl e
and already stated strong resistance against instituting hardware standards

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

of priority for devel opnent of national standards for different groups
and types of standards should be as fol | ows:

1. Total Plant Standards

(For Steam and Diesel Plants)
2. Mdule Standards
3,  Hardware Standards
(Starting with data and procurenent standards)

4. Envel ope 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 Goup Il, Il 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 nunber 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 anortizing the standards devel opment costs, there will still be
consi derable savings to justify devel oping and instituting national
standards for ship’s propulsion plant design, systens, equipment and/or

conponents.

5~124



M ROSENBLATT & SON, ] NC.

APPENDI X c. 1. I

Format for Group | Standards -

Title - Standard Total Propulsion Plant
No. - TP-SGetc.

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

information in standard format which is necessary to define and describe

a to SHP steam turhbine feed heater propul sion

plant. Standards are available for each of the follow ng propul sion
pl ants.
15,000 - 17,500 SHP .(2 Feed Heaters
24,000 - 26,000 SHP
28,500 - 32,000 SHP
36, 000- 40,000 SHP
43, 000- 45,000 SHP
50,000 SHP (4 Feed Heaters

2 Feed Heaters

4 Feed Heaters

)
( )
(4 Feed Heaters)
( )
(4 Feed Heaters)

)

St andar di zed Paraneters (for-Total Steam Plant)

Steam Conditions @ Boiler Superheater Qutlet

P: psi g

T. F

Mai n Condenser Vacuum "HG

Sea \ter Tenperature: F
Qutside Air Tenperature: F
Qutside Air Relative Humdity: %
Machinery Space Air Tenperature: F

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

wi 11 consist of the follow ng elements:

TOT PLANT

MN PIPING SYS AVY SYS$ MAIM SYS SUPT SYS

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

fol l owing systens:

MN PIPING SYS

STEAM STYST CONORMSATE FEED SYST DRN cciL SY5
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2.1.1 The steam systens segment of the main piping systens

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

L4

STEAM SYST

| |
MAI U STEAM AUY. STEAM AlX EXH STM STM HEATING

2.2 The Auxiliary Systens-contain the follow ng sub-systenms which

are required for operation of the propulsion system

| Avx svs |

F.Q. sERrv F.0. puRLF S.wW.cire S.W, SERV L.0. STRv

2.3 The main systens which are required for propulsion plants are

contained in the follow ng:

I MAIN sYS l

SHAFTIN G REDUCTION GR AUTSMAT ION
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2.4 The Supporting Systems are those systems which are required for

acconpl i shment of the ship’s mission and which interface with and affect

the propul sion system

SUPT SYS

|

l

ELECT GEN

DIST PLAMT

|

3. Propulsion Plant

FEED

‘ ; FEED Pump

WTR(s)

|_IF. Q. TRAUS l

8ciLER

0O ure(s)

DFT|eNnosST

AR cond

Bl ock Diagram

HULL PUNMPING.

L.O, TRAWY I

THREDT
R&

CNOST PumP
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4. Heat Bal ance D agrans
Infonnation required is conpatible with that required for each system
in paragraph 5, *“System Diagrans. " Heat Balance diagrans are prepared for
the followi ng conditions:
Maxi mum Cont i nuous Service
Port Condition
Qperational M ssions
A typical heat balance diagramis shown in figure “A”

4.1 Required data for heat bal ance di agrans

Refer to SNAME Technical & Research Bulletin 3-11
Steam Conditions (Press, Tenperature, Enthalpy, Flow
Water Conditions (Press, Tenperature, Enthalpy, Flow) at inlets
and outlets of all equipment in the propulsion plant |oop
Condenser Vacuum
Anbient Air and Water Conditions (Press, Tenperature, Humdity)
Boiler Efficiency
Boiler Fuel Rate
Turbine Steam Rate
Fuel O Conditions (H gher Heating Val ue)
Auxiliary Loads
Distilling Plant (Quantity and Efficiency)
Electric Load
Heating, Hot Water Loads
Air Conditioning Load
Equi pment  Operating Conditions (Wrking Pressures, Relief

Pressures, System Losses, etc.)
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M ssion Requi renent s
Cargo Punp | (Quantity, Type, Pressure, Tenperature)
Crane Requirements (Electric, Fuel, etc. )

Tank C eaning Requirenents (Steam Electric)
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5. Systems Diagrans
General ly systens diagranms will be prepared for the following Iisted
systerns. Typically, each diagram consists of a one-line piping diagram
showing the subject piping systemwth symbolic representations of all
rel evant equi pment, valves, fittings, flanges, and instrunmentation.
Diameters of piping and sizes of fittings, and valves are indicated on
the diagram Included are Tables which list materials and specifications,
maxi num al | owabl e fluid velocities, and equi pnent (punp) types, sizes
and capabilities. Tables “A", "B" and "C' are typjcal of information
on a piping diagram Typical piping diagrams are included for information
in figures “B" through”l” inclusive.
5.1 Steam Systens
Main Steam (Figure B)
Auxiliary Steam (Figure Q)
Auxi | iary Exhaust (Figure D)
St eam Heat i ng
5.2 Condensate System (Figure E)
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5.3 Feed System (Figure E)
5.4 Drain Collecting Systen(s) (Figure E)
. HP. drains
. L.P. drains
5.5 Auxiliary Systens - These include all auxiliaries required
for operation of the propulsion plant.
Fuel G| Service System (Figure F)
Fuel G| Purifier System
. S'W Girculating System (Figure G
Auxiliary Condenser & S.W Service Systems (Figure G
| Lubricating G| Service Systen(s) (Figure H
5.6 Main systens - These include the systems for major equiprment
allied with the main propulsion plant which is required for operation
of the ship.
Shafting System
Di nensi onal Di agram
Material Requirenents
Bearing Type & Locations
Thrust Bearing (may be with Red G.)
Wight & Force Diagram
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Reduction Gear System
Type
Load Factors
K Factors
Cear Diagram
Aut omation System
Type System
System Bl ock Diagram
One-Line Diagram
Service Requirements
5.7 Supporting Systems -- These systems requirements are those which
are required for proper sizing of conponents In the propulsion plant.
El ectric Generation
Hotel Load
Auxiliary Load
Machi nery Support Load
Distilling Plant
Requi red Load
Ef ficiency
Air Conditioning, Ventilation
Requi red Load



M. ROSENBLATT &  SON, I nc.

| Hul'l Punping Systems

Bi | ge Punpi ng Di agram ( Fl GURE)

(Interfaces with Propulsion Systenms)

Bal | ast System Interface (FlIGURE 1)

Fire - fighting System Interface

Cargo Pumping Requirements (if applicable) (FI1Guere ¢ J §K)

Fuel oil Transfer System Figwee L)

Lubricating G| Transfer System (FIGURE H)
6. A listing of available standards for equipnent conponents and nodul es
whi ch may be used in the conposition of this standard propul sion plant

is included in Tahle D
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Table D

Equi pnent / Conponent Standard Standard Renar ks
No. Goup

Mai n St eam Boi | er

Mai n Turbine (Set)

Mai n Condenser
Reduction Gear {Set)
Main Lube Q| Punp
Forced Draft Fan

Main Feed Punp

Fuel O Service Punp
Main Gircul ating Punp
Mai n Condensat e Punp
Fuel O Heater

Lube O'| Cool er
First-Stage Feed Heater
A and Exhaust er

Drain Cool er
De-aerating Feed Heater
3rd Stage Heater

4th Stage Heater

Aut omation System
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APPENDIX < .1.2

Format for Goup 1 Standards

Title: Standard Total Propulsion Plant

No. : TP-DGetc.

1. Definition: This standard is a docunent which contains in a standard
format, the technical information necessary to define and describe

a to SHP medi um speed diesel engine propul sion

plant. Standards are available for each of the follow ng propul sion
plants:

8, 000- 10,000 SHP, Medium Speed Di esel

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

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

St andar di zed Paraneters (for Total Diesel Plant)

Medi um Speed Diesel Engine Rating:
BHP @ ERPM (Maxi mum Continuous Rating)

BHP @ ERPM f or Hrs operation
(Maxi mum Intermttent Rating)

BVEP psi

Maxi num Fuel Rate #/ BHP/ HR

Sea Water Tenperature ____ °F

Qutside Air Tenperature ____ °F
Qutside Air Relative Humdity %
Machinery Space Air Tenperature ___ °F

Machinery Space Air Relative Humdity 9%

Exhaust System maximum pressure drop __ inches HO

inlet Air System maxi num pressure drop I nches HO
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2. System Block Diagrans

The total plant will consist of the follow ng elements:

!TOT’ PL AMT!

L i |

MAIN ENGINE AU SYS SUPT SYS MAW SYS

2.1 The main engine and piping systens contain the follow ng sub-systens:

IMMN ENGINE l

TURBO-CWGR ENGINE SCAN AIR JKT WATER SYS!

2.2 The auxiliary systens contain the follow ng sub-systens which are

required for operation of the propul sion systens:

IAUX sYS I

| ] i
|ro. serv | [Ro.puriry | [sw.ewre | |L.0. SERV EXH SYS

2.3 The supporting systens are those systems which are required for
the acconplishment of the ship’s mission and which interface with and

affect the propul sion system

SUPT SYS

|

F.0. TRANS L.O. TRANS L. D. PURI FY

e ———————

ls*rkn‘r AR l
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2.4 The main systens which are required for propul sion plants are

contained in the follow ng:

Pﬁ\lfﬂ E?Y§

l l

SUAFTING RED GEAR |auTomaTIon

3. Propulsion Plant Arrangenent

The schematic arrangenent of the main propul sion machinery wll be
as shown in Figure M

4. Systens D agranms

For the systems listed below, systens diagrams are included to provide
gui del i nes for devel oping the actual systems for a vessel. Typically, each
di agram Consists of a one-line piping schematic showing the subject piping
system with synmbolic representations of all relevant equi pnent, valves
fittings, flanges and instrumentation

Dianeters of piping and sizes of fittings and valves are indicated on
the diagrams. Also included in this group are tables which list materials
and specifications. the nmaxinum allowable fluid velocities,
and punp tables which show punp types, sizes and capacities

Under each of the systems shown below, those paraneters are included
which will be needed for the preparation of systems diagrams as defined

ahove.
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Main Engine

. Alr intake system (Must be integrated with specific ship
arrangement)
. Jacket Cooling Water System (Figure 0)

Auxiliary Systems

. Fuel 0il Service System (Figure )

. Fuel 0il Purifying System

. Salt Water Circulating System (Figure 0)
. Lube 0il Service System (Figure R)

. Exhaust System (Figure N)

Support Systems

. Coemn
fe rTus

2] Teamcfan Cuc tam
1 8i) Transfer System

. Lube 0il Transfer System

. Lube 0il Purifying
Sfc.v*‘n\a Aiv System (F-gu\-e P)

4.4 Mann Systems

Included here are those systems for major equipment allied with

the main propulsion plant and requried for the operations of the ship.

4. 4,1 Shafting System

Dimensional Diagram
Material Requirements
Bearing Type and Locations

Thrust Bearing Type and Location (May be included in
Reduction Gear)

Weight and Force Diagram

ih
()
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" 70 WASTE HEAT RECOVERY SYSTEM

14

EF FILLING CONN.
GAGE i | & =VENT —_—
GLASS I 1.D. OF RETURN TO BE APPROX.

WATER
THERMOSTATIC TEMPERATURE LEVEL /3 x1.D. OF VENT LINE

REGULATING VALVE WITH

BUILD-IN MANUAL CONTROL LCAP,LLARY TuBE .
\ T / ACTUATING BULB

VENT LINES CONNECTED TO
TO OVERBOARD OR TO D e e HIGHEST POINTS OF ENGINE
WET TYPE MUFFLERS QUTLET

J

THROTTLING VALVE
TOBE APPROX. 10
PIPE DIAMETERS
AHEAD OF COOLER
INLET

O,,

b ENGINE

o r—

JACKET WATER _2_
COGLER P
1 FW SW
. TO L.O. ’I’ ‘? %@
SYSTEM .
Y A
i%ooéxl.ea '_\—GD//
P ~®
[ e
NOTES

1 TO BE INSTALLED ON ENGINE GAGE BOARD.
2 DRAINS TO BE INSTALLED IN LOWEST POINT IN JACKET WATER AND SEA WATER SYSTEMS.
USE GATE VALVES.
3 EXPANSION TANK SHALL BE LOCATED IN THE SAME COMPARTMENT WITH ENGINE.
4 SEA WATER SUPPLY FOR GENERATOR AIR COOLERS WITH THROTTLING VALVE TO BE PROVIDED
ONLY WHEN REQUIRED,
5 SEA WATER PUMP SUCTION PIPING TO BE OF SUFFICIENT SIZE, AND ARRANGED TO LIMIT
VACUUM AT PUMP SUCTION TO 6°HG 4T RATED RPM.
€ JACKET WATER BY.PASS ACROSS BOTH COOLERS SHALL 8E PROVIDED WHEN REQUIRED TO
OBTAIN SPECIFIED OPERATING TEMPERATURES
T TANK FOR INITIATING AND MAINTAINING JACKET WATER TREATMENT. CAPACITY TO BE
1172 GALLONS FOR EACH 100 GALLONS IN ENGINE SYSTEM. TO USE, CLOSE VALVE"A"
TO TANK AND OPEN VALVES *C°8 °D® TO DRAIN TANK. CLOSE *D°, FiLL TANK WITH COR=~
RECT AMOUNT OF SOLUTION. CLOSE “C", OPEN *A°CIRCUL ATION OF JAGKET WATER WILL
FEED SOLUTION INTO SYSTEM. TEST SAMPLE FOR CORRECT CONCENTRATION.

Fig. O =Diogrom of typical cooling water system

Bl



‘ - 150 PSI
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FOR ADDITIONAL
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- - 6 .
J
250 PSI 8
<4 K
N T 1 G
>

l
l N 7 @K
I - FOR ADDITIONAL

-~

L= — = STORAGE TANKS

NOTE: Quick opening valve "D" to be opened only for starting engine.

Letter Name
A Engine .
B Air Motor-on Eng.
C Lubricator-on Eng.
D Starting Valve
: E Strainer
Pipe Pipe Size F Shut-off Valve-3/4 IPS
No. IPS G Relief Valve
J Air Tank
1 3/4 K Pressure Gage
2 3/4 L Air Compressor
3 3/4 M__| Pressure Reducing Valve
4 1-1/2 N Drain Cock
5 1-1/2 P Shut-off Valve 1-1/2 IPS
g i;i/2 Q Conn. to Eng. Svs. 1-1/2 IPS

Fae.P: Snerne Ar SYsTerm Disarcors

e



VENT
TRANSFER

111 EF .
DIESEL
oiL ®
WATER SERVICE
T0R TANK IF VALVE IS USED
PUMP SEPARA ALSO INSTALL
BIORAIN PRESSURE REL.VLV.
PR. REL.VLV.
STRAINER O
FINAL
FILTER EiNaL
FILTER
FUEL SUPPLY PUMP

| D.0. MANIFOLD }

-

D.0. INJECTION

UNIT
PUMPS OR INJECTORS

NOZZLES ~» { {

fig. @ ~Dicgrom of a typical fuel system
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4.4, 2 Reduction Gear

Type

Load Faétors
K~-Factors
Gear Diagram

4. 4,3 Automation System

Type and Degree
System Block Diagram
One-Line Diagram
Service Requirements

5. Standards for Equipment/Components

A listing of available standards for equipment and/or Components which

may be used in the composition of this standard propulsion plant is included

Standard
Equipment/Component Group Quantity Remarks

Main Diesel Engine
Automation System
Reduction Gear

Starting Air Compressor
Exhaust Gas Boliler
Fresh Water Cooler

Lube 0il Cooler

Diesel Accessory Rack
Fuel 0il Service System
Fuel 0il Purifier

Lube 011 Purifier

Lube 0il1 Service Pump

Reduction Gear L.0. Booster Pump

Table E_=- Equipment/Component Standards
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APPENDIX C-2

Equipment/System Module Standard - Group Il

Definition:

This standard is a document which. contains the-technical data and
in formation required to define and describe a complete sub-system or group of
like equipment 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 from all
sources. The equipment which is included in the module may or may not be
standard.

This standard affords the benefits of standard equipment without
limitations being imposed on equipment vendors.

Standard Format:

In order to illustrate this standard, an example of a fuel oil

service system module format follows:

Example: First Page

Title: Description of system or Equipment utilization.

Identification: Alpha-numerical standard identification with encoded type
and size.

Application: General data with reference to the scope of this standard as

to sizes, temperatures, pressures, and medium characteristics.
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Performance Data Matrix: Chart showing capacity

for each moduie.

Design Characteristics: Contains listing of components required with
technical data requirements of each component. Includes block and/or schematic
diagram of system. .

Approvals: Includes regulatory agency approvals of module designs.

Equipment Suppliers: Includes the following lists with approvals noted

if applicable.
1. Module manufacturers
2. Individual component manufacturers

Other Documents: Reference to other standars and specifications which are

applicable.
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APPendix C€.3

]

Definition:
This standard is a document which contains the technical data and

information in standard format which is required to defi;g and describe the

interface characteristics of equipment so that separate vendors equipment

of like characteristics may be used interchangeably. The envélope standard

equipment independent of vendor source. These data will be such that all
eligible vendors will be able to meet the requirements of the standard by

using a sub-base and adding interconnections between the equipment and the

interface locations.

Standard Format:

An example .of a2 format which may be utilized for this equipment
envelope standard. follows. More than one format may be needed to satisfy
the requirements of the many different types of equipment which fall into

this category. The example depicts that for a Condenser Circulating Pump.
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Example: First Page

Title: Description of equipment utilization. ,

ldentification: Alpha-numerical standard identification with encoded type
and size.

Application: General data with reference to the scope of this standard as

to sizes, temperatures, pressures, and medium characteristics.

Next Page(s)

Performance Data Matrix: Chart showing capacity, pressure, temperature,

and viscosity characteristics for each envelope size.

Pump Selection Charts: Capacity, Total Dynamic Head and Horsepower and

model number of the vendor's available pumps for this service.

Next Page(s)

Pump Characteristic curves: for each model listed containing curves of

Capacity versus Head, Horsepower, and Suction pressure

Next Page(s)

Qutline drawings: with key dimensions of each model. Included are all

interface dimensions, overall sizes, weights and bolting information for

each module size.

Approvals: Includes regulatory agency approvals of module designs.
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Equipment Suppliers: Includes the following lists with approvals noted if

applicable.
1. Envelope manufacturers

2. iIndividual component manufacturers

Other Documents: Reference to other standards and specifications which are

applicable.
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APPENDIX C.4 |

Data Standard Group 1V

Definition: This standard is ;'ﬂocumcnt which contains technical informétion
in standard format which pertains to vendor'equipment réquired for propulsion
machinery. The technical information included is that which is necessary

for ship designers to perform propulsion plant designs at any level
(preliminary design, contract design or detail designj without requiring
additional information from vendors such as contract drawing and specification
approval.

+ i1l bha et
- 1 L] L4 -

1
H

*nd
ol \d

b

k)
One example of a format which applies to pumps follows:

EXAMPLE:  First Page *

Title: Describes pump service and type of pump

Performance Chart: A matrix of comparative performance data of the available
pumps by vendor which satisfy_the service requirements. Information included
in the chart is Standard identification number, Vendor Identity, Type of
casing, capacity range, pressure range, required services, driving means,
er within the standard which contains the remaining
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Referenced Page

Vendor ldentity, Address; and phone numbers:

Also included are contacts for standard data maintenance.

Standard ldentification Number:

Specifications and Other Standards: which these pumps comply with

Next Page(s)

Pump Selection Charts:

Capacity, Total Dynamic Head and Horsepower and model number of
the vendor's available pumps for this service,
Next Page(s)

Pump Characteristic curves: for each modell listed containing curves of

Capacity versus Head, Horsepower, and Sucfon pressure
Next Page(s)
Outline_drawings: with key dimensions of each model. Included are all

interface dimensions, overall sizes, weights and bolting information.

Next Page

Operating Data: Includes such items as temperature and pressure limitations

of casings, bearings and seals
Materials: This contains a listing of the major components materials
utilized in each model as required for compatibility with the intended

utilization.

Approvals: Regulatory Agency approvals, if applicable to the particular

hardware.
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Next Page

Design Features and Specificattons: This section contains general

information regarding the design of the pump components which might be
required by a ship designer. Included are items such as Casing description,

Impeller data, maintenance features of bearings and scals, lubrication and

alignment requirements, etc., and any special features which arc desired.
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HANUFACTURER

WOrthingtbn

Weil

Goulds

Aurora

.

S.\M. CIRCULATING PUMPS

"7 Tbata Standard”

Centrifugal Split Casing Types

-

Horizontal and Vertical

CAPACITY PRESSURE

GPH

0-6000
0-5000
0-5500

0-6000

FT  Hp0

0-300

0-400

0-550

0-350

ELECTRIC

LOAD

13-250

1-300

1-350

1-250

HP

HP

HP

STANDARD

HO.

TP-3C-W1

TP-3C-12

TP-3C-G

TP-3C-A

o

PAGE
NO.

15
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Data Standard

Worthington Sales Company
270 Sheffield Street
Mountain side, New Jersey 07092

Tele. (201) 654-3300

Technical Contact: Mr. Kenneth C. Hill, Engineer
Marine & Government Department

Standard Identification No. TP-3C-WI

Applicable Standards:
pump Standard P-3C-WI-43 through P-3C-WI-57

Total Package Standard TP-2C-18 through TP-2C-36

Applicable Specifications:

Material specs

Screw Threads
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. types LR, =R

- wmd

e 7
vt e b e St 4t e+ 22—

dimensions

Y—CM

== HL HB l
PUMP DIMENSIONS
pump size suet | disch. s’ X Y Z cp oM v HO HL wT base
Tt ——3 e 4% 84 £3°22 5% 26% ? —8% +34% 4 =360 T
Ea——ttfivo 3 2 e 8 877 S B ettt 8% 134 4 e ]
2% LR-10 3 2% S 8 10% 6% 23 1% 8% 15 6 - 220 1
2% LR-13 4 2% 5% =27 11% 7% 24% 1% 10 16 7 250 <L 1
3 LR 4 3 5% 7% 12 5% 26% {o — 9 15 6% 220 1
3 LR-12 5 3 5% 8% 12 7% 26% -— 10%:2 16 6% 280 1
4 LR-10 5 4 5% 9 12 6% 26% - 11 16 6% 280 b
4 LR-11 6 4 6% 10 13 6% 30 -— 12% 17% 6 320 2
4 LR-12 6 4 6% 9 12Y% 7% 27 - 11 17% 6 400 1
4 LR-14 6 4 6% 12 13 7% 30 - 12% 17% 6 385 2
5 LR-10 6 5 6% 9% | 12% 7 27 -— 13 17% 6 370 2
.5 LR-13 6 5 6% 10% 13 7% 3 - 13° 17% 6 425 2
5 LR-15 6 5 6% 13 14% 7% 34 - 13% 17% 7% 600 1
{6 LR-10 8 6 7% 10 13 7% 28% - 14 20 6 425 2
6 LR-13 8 6 7% 11 14% 9 34 - 14 20 7% 610 1
6 LR-16 8 6 7% 14 14% 81 34 — 15 20 7% 620 1
6 LR-18 | 10 6 9 124 14% 10% 39 — 17 24% 12 1000 3
8 LR-13 | 10 8 8% 11% 173 10 34 - 17 24% 7% 780 1
10 LR15 | 12 10 10% 14 174 10% 39 - 18 27% 12 1185 3
BASE DIMENSIONS
brse ] base 2 base 3
nema wWT e WT e WTe
frame HA HB zump HA K8 ump HA HB pump
motor base base & basa
182T 24 413 250 24 4138 280 - - -
184 T 24 41% 260-] 24 41% . 290 - - -—
213 T 24 41% 305 | 24 41% 335 .- - -—
215T 24 41% 310 24 41% 340 -~ -~ -
254 T 24 413 360 24 54y, 390 -— — -
256 T 24 41% 390 24 54% 420 - - -—
2847 24 5418 455 24 54% 485 - - -
286 T 24 54y 570 24 541 600 28 60 920
3247 24 12 605 24 S4% 635 28 60 955
3267 24 54% 660 24 54% 650 28 60 1010
364 T 24 544% 750 24 54% 820 28 60 1150
365T 24 54% 845 24 541 875 28 60~ 1210
404 T 24 644 1015 24 S4% 1045 32 68 1270
4057 24 644 1035 24 54% 11258 32 66 1440
444 T 24 64% 1490 24 644 1450 32 66 1870
445 T 24 64Y% 1655 24 64% 1655 32 66 2030

*Approximate Weight O Base And ODP Moteor — Add 109

P6-16 WORTHINGTON

1

for TEFC or Ex Prt,




Ali dimensions are in inches -

12

piy
xype LR \V
dimensions
t
{
o . (D
' ca A
3 3
- [ PN
- " . =
g rD ;r{ SUCTION DISCHARGE
| =<1} v 125% ASA FLG. . 3 125" ASA FLG T
] = R
@,l cP L.\
N ‘ —i Fes=3—
L. r4 M . .
T ”wﬁ i |
{ SDISER
— i
[ ha] Y -—l—- x—
PUMP DIMENSIONS
. LRV
punp suet, disch.‘ ) x | v | cr |nal mo wr
3 LRV-9 4 13 1ok 7% g 27% {18 {13 335
3 LRV.12 513 1] 8% |10 27% | 18 | 13 A55
4 LRV-10 5 4 |11% 9 11 27% 18 |13 455
4 LRV-11 6|4 [13 10 12% | 30% |18 | 137 235
4 LRV.12 e |4 |13 9 11 27% |18 | 131 58%
4LRV.14 6 |4 3 |12 |12n}30%u 18 [13% 570
5 LRV-10 6 {5 )13 9 |13 27% {18 [ 13% 84§
5 LRV-13 6 |5 13 10% |13 30% |18 | 13% 610
5 LRV-15 6 ]5 |13 13 13%2 [ 34% |20 { 15 730
6 LRV-10 8 6 |15% {10 14 29 18 [ 13% 600
& LRV-13 g 16 15 {11 14 341y 120 |15% 790
6 LRV-16 8 | 6 (I5% |14 15 343 120 | 15% 900
8 LRV-13 10 |8 Q18 J1i11% 17 35% 120 } 16 1065
10 LRV-15 12 {10 R1 14 18 39 25 {18 1510
MOTOR DATA
Motor
Frame CcM L WT
213 TP | 20 | 10% 165
215TP | 20% | 10% 180
254 TP } 247 | 13 208
256 TP | 24% |13 270
284 TP | 25% |13 330
DRE TP | 258 13 355
3247P | 27'% | 14%% 400 ,
326 TP | 2715 | 14 <50
364 TP | 2913 | 16% 520
3657TP | 29l | 164 580
. 404 1P | 387 |18 530
A05 TP | 38% |18 Q0
A4A TP | 44%: 1 20'y 11180
a5 TP | 443 | 20'% 1330

WORTHINGTON P&=17~=amr>



MAXIMUM SUCTION PRESSURES

2-1/2" LR
3" to 10" LR, LRV

.

OPERATING DATA

75 psi
150 psi

TEMPERATURE RATINGS

STANDARD MECHANICAL SFALS
STANDARD PACKED STUFFING DOX

212°F
250°F

{SEALS AND PACKING AVAILABLE FOR HIGHER

.
TEMPERATURES)

materials of constiructicon

STANDARD AtL ALL S1aunaop AL a
FITED RO BROMIE FITICO 104 8RoNZE
PART pysr PUMP PUMPS PART FULP PUAP pUPS
tATERIALS | saatERIALS MATERIALS MATERIALS | ATLRIALS NATLRIALS
Casing Cast lron Cast lron Bronze Casing Cast fren Cast lion Bronze
Bearing Brackel | Cas! lron Cast lron Cast lton Beaung Brazhel Cas! lron Cast lron Cast lron
Beanng Cover | Casl lron Cast lron Cas! lron Beanng Cover Cast lron Cast lron Cast iron
impeller Bronze Cast lron Branze impelier Bronze Cast lron Bronze
Casing Ring Bronze Cast iron Bronze Fasmg Ring Bronze Cast fron Bronze
Shatl ll?...',-(_:!:rome 1155 Chrome | Monel * Skait Sleeve Bronze | Stesl Bronze
wITE! QLT
Impaliar Nut Bronze Steel Bionze Sl Stee) Stee Steel
Shalt Hut Bronze Stee| Bronze
Stuthing Box —
Bushing Bronze Steel Bronze Stutting Box
Bushing Bronze Steel Bronze .
Gland Cast tron Cast Jron Bronze Y P P =
— - viang Lask 1ian Last tegn Bione
Seal Cages Tellon® Tellon Tetlon Seal Cage Tetion Tetion Teilon,
Type LR, single stage, single suction Type LR, single stoge, double suction
size 24" size 3" to 10"
STA'NARD agt ALl
PART Por ronr PR
EATERIALS | MATCRIALS LATERIALS
Lasing Cast lioa Cast iron tronze
.E”_"."l'fc Bracket | Castlton Cast lron Cast ron
8canag Cover Cast lron Cast fson Cast tion
Impetier Sronze Cast fron Bronze
Cauing Ping Bronge Cast lron Bronze
Shalt Sleeve Bronze Stee Bronze
“Shatt Steel Steel Steel-
Shaft Kut * Bronze Stesl Bronze
Stutting Box
* . Bushing Bronze Steel Eronze
Gland Cast fton Cast lron Bronze
Ecal Cage Telion Teflon 1;110n
_l’ump Basg Cast lron Cast lron Ca;t tron
tiolor Base fab. Steel Fab. Steel Fab. Steel
Type LRV, single stage, double suclion, ,
vertically mounted sizes 3” to 10”



- e prmn— oe . R4 et me————— = - gy

- — .l‘u“"‘L‘u TFITWTE W = -

Avpe L FVmsmg!c stage, double suction
verticaily mounted, sizes 3“ to 10"

construction features

7
L

20£.20027 \q § .‘

Type LRV vertical pump

|~.‘)!

L:«: ..’L:......al._.a:' 20£.20104

+ Typical seciion, type LRV

‘Incorporates all of the outstanding features of the LR pump plus the added advantage of being used in the space ‘

saving vertical posilion,
. the bottom bearing by a positive sealing device.

SPECIFICATIONS

Casing The casing is of the volule type and is de-
signed to produce a smooth flow with gradua velocity
changes. It is designed for verticad 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
Modél pins.

Impeller rings. Securely held Impeller rings can be
supplied as an option.

Stuffing box bushing A renewable stuffing box bush-
ings provi 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,

) i - round to
accurate dimensions and polished to a smoot

surface.

Accurate motor alignment is achieved by precision maclumm..

1A

Fluid is blocked from

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 seds, 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".

Dearm%s The hearings are single-row, deep-groove
e bearings. They arc designed and sized for
a 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. Specia flinger, shaft
scaling o-ring and labyrinth al protect lower bearing
from waler seepage.

Bearing Brackets 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 seds As a standard, stuffing
boxes will"be packed with the best quality graphlted
asbestos packmg D|emoulded packing is supplied,

as a standard,
easy installation. Mechanical seals are available, if
desired, and are easily interchangeable with packing

WORTHINGTON P6-5

insuring both a perfect seal and an
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AbPenbdix C . 4.2

Procurement Standard Group v

Definition: This standard is a document which contains the information in
standard format which is required for a shipyard to purchase vendor

equipment required for Propulsion machinery. This document contains both
the technical documentation and the legal documentation (Eor the purpose

of this study, only the technical requirements will be considered).

Standard Format:

For information the legal portion of this standard will contain
standard statements of Warranty, Price Adjustments, Terms of payments,
Liability Limitations, Loss Risks, Shipping, Delays, Changes, Drawing
Approval Terms, Cancellation, and Taxes.

One standard technical format applicable to a pump purchase is

described as follows:

EXAMPLE: First Page
Title: Brief Description of item by service
Identification: Standard identification number

Applicable Documents: Reference to requirements such as other standards,

Regulatory agency specifications and requirements, etc.

Quantity of Purchase

Intended Service




M. ROSENBLATT & SON, Inc.

o

Next Page(s)

Drawing Reguirements: included &re information drawings, approval drawings
and schedule of delivery |,

Instruction & Maintenance Manuals:

Physical Description: In chart form

Performance Data: In chart form

Materials Data: List

Weights

Spares

Inspection Requirements: Includes at vendors' sites and at delivery point

requirements

Qutline Drawing: This is an envelope or limit type drawing with information

required for interface and to limit the vendor.

Performance Curves: Includes capacity versus head, horsepower and suction

Special Design Considerations: Contains any special considerations with

which vendor must comply. includes physical and chemical properties of

recommended materials, special handling, heat treating, ambient conditions,

etc.

Test Reguirements: Specifies tests which must be performed by the vendor

such as hydrostatic pressure tests and iocad run tests.
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APPLicABLE DocumMmenTty : ~ .
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e TERLAS OF PAYTAEN

L .

i These are —. 3landard terms of payment ior domestic orrlers. If other terms are acceptable,

¢~ or when exporl {ermns are recuired; they are hsted clsewhern in this proposal.

’ On all ordess under $100,000 eqardiess of manulactunng schoedule: and those ordors over $100.600 \ :
v with a manufactunng schedule less than six (6) months: -

. Net cash within thirly (30 : .‘f'u‘:r shipmeni, or afier notfication that is ready to :

: ship. These teims appiy | I as veell as complete shipments

On orders over $100.000 Whh 1 ii‘n?i"l‘dfﬁciiji‘i“lg schedule ol six {0) mmnihs ot |onupr' e .
o 10% —with Puichaser’s Order, Letler of Inlent, or writlen authorizatton. whichever bears the earhest )
A date, HRE I N
. 80% —in approxunately equal payments avery sixty (60) « ',s lr) conunence sixty {60} rhys alter -,
. - date of Purchasar's order and o r.o inue through H‘.(g lnnae hia proposnd

ing schadule, axcepling that the last payment a
or notificabon that _____ is ready o shp,

10% —when shipment is made; or upon completion of erection aned esl, butl not later than ning
{20} days alter shipment or notification that - 1% eady o shap,

1 this group shall become due upon shipment

balanoe of tha HOposSng inanifaciur- ./

ty

The lollowing clauses are applicabie 1o the exient they are relastnd 1o elsewbore in this praposal. Se-

f'_-, iection ol price adsiment ciause 1s based upon the proposed shippmy dile for the eqanpmaent ollered.
_'i,'_.'-_ Any purchascd malerial whose puce will be adjusted lo reflect the vendors' price in efiect at itime of
‘*i . shipment is lisled as an exceplion.
wih ad 9 The prices named herein lor ____________ equipment will be adjusted to the prices in eﬂccl
“ o ause at the lime of shipment, such adjustment, if any, not to excead 10°% of the contract price.. |
e, . ..'
S cl 10 The prices named herein for .. _. - cquipment are nol subject lo any change from the .‘{ '
.-, ‘ause prices in elfect on the dale the order is act_:r_-med_
.",' Clause 11 The prices named hercin for . ._._.___ equipment will be nd;us!cd lo the prices in effect '.
D uus at the lime ol shipmenl, such adjustment, if any, not lo exceed 15% of the conlract price. .|
ad 12 The prices named herein for _._____.___ equipment will be .uhu%tod lo the prices in ellect.: |
., ouse al the lime ol shipment, such adjusiment, if any, nol lo exceed 20% of the contrac! price. !
.. * . . - . . . . - DR
VB IO
oo . 15
‘ 1. Wurrumy, Rcmcdy, Disclaimer anpears walhin one yeor from the date of shipment - i
. and Putehasesr has green tvanesehiale L |
' e VLTINS [Or 7 Dt of o el from writlen nedice ol e, e e el e the
*oo b dale of shupment the eaquipment «f - nwn wan- part, o al ns apten geplace the part, by shipping -

.+ ulaciure to be deivernd hereunder agamst deiecis
0 in matonal and workimanshup, undor nonnal use and
service when used and nvuntained i accordancn

.. wilh instructions supphed by ______ __ , Tius is AL, Lransp

a sidar part F.O B slupping pont, or at s option * \
retgrn of the deloctive
part. bansportahon prepand, 1o estabhsh the clamm. )

iehund an egtable perbion ol the purchase price,

(£35S S FATS LT EFY the oty of the defactive

Y e sole and exclusive wartanty. It ap- No allowance widl be made for repairs withaut
phes only lo equipment manuiactued by . . - . . =ntien consent or aaproval Any de-
R A, and spectically excludes raumpment m.mu- .,(.nplmn: i the cgupment, any spectlications, and .
\mrturcd by athers Such other eguipment 18 war- any samples, medels, bulleting, or suntlar maternial, ‘_
Ly ‘ranled only by is manulacturer Il such a delecl uscd in connechon with s sale are for the sole
LAt }
DA * -
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IMPLIED: AND ALL VWARRARTIES OF MERCHANT.

ARND TV AAIN FITAIZC 1"MIY A 1A 'Ilf‘l H A nl "y
AT MER SAL (DA R ER > IR IR I RN AFALE S RIPT8 I AV ) LIRS 2

POSE ARE HENERY DISCLAIMED 1Y VIORTHING-
TON ANMD CXCLUDED FROM THESE TERMS OF
SALE. Thn Purchaser s sole and esclusive temedy,
“hether ba:rd unon v nrmnly contrar! or torl, in-
Jdllll’ IILIHI H 52, will lu. el |!|’U(“ti‘il unser u‘lis
xrranly Al liability of _. shall larminale
-‘une year from the d:lm of stupment ol the equip-
ment. All relerences 1o onn year in this paragraph
shall be linutad to thirly {30) days for mountnd dom.
olilion tools and parts and ninety (S0V diy s for hand
held contraclor’s ools, crawler diills anel parts.

2, Limitation of Liability

- shall -net in any aveat e liabic for
special, indirect, incidontad or consequential dam-
ages. ... liabiy on any clum of any
kind, including naglinence. for any lnss or damaan
arising out ol. conneclad with, or resultng from his
coniraci, or the potintmance or broaci thrieof. or
the dasign, manulaclute, sale. debvery, resale, -
stallation, tuchnical direction of instaltalion, inspec-
tion, repair, operatinn or use ol any  cgquipmant
covared by or lumnished wvder this contract shall
in no case exceed the price paid by thn Porchaser
for the eyuipment. ... ._._also ehsclaims all
fiabilily, whether in contract. tort, warranty, or olhor-
wise, lo any party other than Purchaser.

.

3. Shipping Dules

The fimn for elunrnnnl aiven horemn i n
[Rilcam bt awe NS app

and is oqhm'\led fram the dale of recmpt of mdvr
‘ith compinle manulacturing inlormabon and ap-

oval ol drawinas as may be neeessary |
shali not be hiabie for any less or damage
for delay or non-delivery dug to the acts of givil or
military authonly, acts of the Purchiaser or by ren-
son of ‘'force majeure’. which shall be deemed 1o
mean all causes whatsaever nal teasonably willun

Chunges amd Drawings

. fesetves the righl 1o chanar o modily
te dvsn_]n vl constmchion of ecgumpminntl and o
subsitute othor susabin matengl. H deawings aro
furnighad, they are subnuttad 1o show general style
and arrangement of the equipmen! oflered.

6. Cancellution

The Purchasnr may cance! his order anby upon writ-
len notice and payment 1o __ of reason-
able cancellation charges specified by

7. Suspension

W e o .o nerlarmance of the work is delayed
for a punod of more than six (G) manths nither by
reason ol the reguest or acis of the Purchaser, acls
of civit o1 muiit.ny authoniy, o by reason of “force
majeurn”, apan remmval of the cause of any such
deiay perlounance shalt b resumed dolivery el

e mschedulesd, and the purehase phice she |Il be’
adjustisd 1o that in etiegl atl the time ol resumplion
of performance subject o such prnce adjustmeny
ciause as may then be apphicable or nonl.nd by

1o Puie i Pure!l i
lo accept the adpstimant pirice aml p.o ("'t"d df--
livery dale, he may cancel his order by aiving wnt-
len nolice thereol 1o al any lime wiltun
thiely (34} <days afler Yo has beon informed of

nlmrlnd nriee and nroincted dehivary
—— - - - i aunge proy sd Ldchvary

date .md upan paviment of reasonable cancellation
charges specihied by

P

8. Risk of Loss, Security

The Purchasner shall haar all risk of loss aof or tgam.
aqe 1o the equnpment alter dobvery lo transporta-
tion facility at shippina pount. Pinchaser zurees that
_____ shall retam a secunty interest  the

n{nnnlnnnl nnlu unld they nurehiiise e hae baon
[RETLACTRTE LN 1R Lo S 300 § 14 BTN 4 441

———

A paid and Pmc,h.x.--r agrees to porform all acls -
N !f’__e_' ?9“}2‘:_ 0l —— '"3“_'_""‘“ bul ""_{I_!'_""‘ mceasary o perlecl and  assure ...
: NEU LY Lo U VLY, Vo, ”'Jl (V1] '| oK Sccun[y "“Q’(fﬁl.
y ades, ecmbargons, sabatane.  epidenncs.  hres,

sirikas, lockouls, or olher industial disturbanges, . o e

delays of carrires, ane inaluhily lo secur maltetals, Y. Taxes

labor or manulaciuring 1acities.

St

The Purchaser shall pay (o e L0 adddstion

1o the purchise prine, the amounl ol all Kales, Use, " °
Privilege, Quaupation. Excise, or other taxes. Fed- = ) o
aral, st Incat o lorgign which . may bet
be requited 10 pay o conneciion wath funusting .',-t'*"

4, Payments

The prices specified are in U.S cuniensy, payable
< in New York exchange lree of all expense 10

Jork exehange free oF af pxprose 1o ... . gomis of services o the Puyichaser. L RN
—— VO GRNIQCHON CHarqQRs, 17T GO payments -,’ Rk

shall be made tor partinl sipments H debveery s . S I

prevenlesl ar posiponed at thee Purchaser 5 wogueat, 10 Frc“.im )

or by reason of any olhir cause sel ol speatlie- Purchaser shall pay to ° LA addition (o . '

ally or by mplication in paipraph 3 above, then all

the ppchesie poce. any ainount by vluch lrange e
* daies of paymeni reinied to doeivery siuii melaie e

portation charaes may be ncreasad, by reasan ol 1
stead 1o the dale ol comphction of manulaclune, mereased Uanspatiahon Guens, bnheeen the dales . .
Letlers of credit or olher credit inelouments estab- of this proposal andg the time of glupment, '
lished to provuide payment for the sguinpment speai-

fied in this proposal shall make provision lor pay- 11. Seller }

‘meni as set jorih abova where deiivary 15 provenied .o T =R

or postponed under ~uch circumuianees Slorage

nal such equipmaent will be al the Purchaser’s ex-
nse and risk. When in the opruon of

For purposes of thie proposal. L. . .. shall

maoean the | . Corprration subriduary which
e dabvers and invoices the eaumpment.
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12. Service Supervisor (fAurine-Government)
. . - . M 3 - *
. C. The machinery shall be instalied und put in operation by and at the cxpense of the Purchaser, .
v ot Upon icquest of the Purchaser, viill furnish the services of a Service Supervisor ) 7
: to advisc and assist the Purchaser in the installation of the machinery, Purchaser shafl furnish
; sale and proper woirking conditions, and safe storage for any special tools. The Puichuser
shall furnish all neceseeny help, labor, canes, ctibhing, oil, supplies, <intion aperating force,
. sleam, clecivicily, water and other muterial ond supplies required to install and operate tie
. machinery and sholl fumith fice available crane and swilching service and the services of
* opcrators and other employees thal may be necessary in conncclion Iherevqith,
L. o et oo, shall not be seegponsible {for malerials {wnished by the Purchoser or {or ocls or
foilures 1o act of personnel furnished by the Purchaser, nos shall ... be 1esponsible
for the construction of foundalions or in the cose of land instuilalion, far the nature of the
soil upon which they are buill,
. C. .Unless othervase slipulated, the Purchaser shall pay for these services at the fellowing rotes:
{11 Al services except shipboard trial irips:
. o li} At the rate of § for cach normal cight hour deay worked or spant in
: travel to and from the job site, plus all iravel expensas nf the Service Suvper-
visor fiom the time of leaving base localion uniil relmn and all shipping
o charges {or any special lools and malerials af aclual cost.
it} Hows worked in excess of the normal eight hour day, Monday 1hiough
Fridoy and hours worked on Salurdoy, Sunday ond Holidoys, will be billed
at the rate of S ___ per hour.
\ . {iii} The minimum billing for less than {our hours warked or spent in travel will
¥ he 50% of the daily rate. The minimum billing for more than feur hours hut
] - . - .o
less thon cight hours worked or spent in travel will be the {ull daily rate.
: {iv) The time when the Supervisar is ready, willing and able ta work at the job
, * sile even Ihough his services are not in fact wmikized shall be considered to
be time worked for the purposes of this paragiaph. .
{2} Shipboard trial hips only: .
. (i} Al the wale ol & for cach beenty-four hour periad ar part thereof, )
on shiphoard during a normal work weck. i e
(i) Al the 1ate of § for cach twenty.four hour period or purt thereof ..
' on shipboaid on Salurday, Sunday and Holidays. o
. . - A
(it} Teavel lime fiom the time of leaving base location until return vill be charged .-
at the tale in 12 ¢ (1] above; all travel expenins will be charged at actual e
cost from lime of leaving base loculion until 1oturn, v
' RPN
) (3) The rates spccifieed in the 12¢ {11 and {2} above are nnl subjegt tn changn pro- e
vided the Supeivisar beging to perlorm these services within 20 days ofter the - ey
cquipment is shipped.
: ad. k. _ shall no! in any eveni be held liable for any specaal, indirect or consequential
, .
damages. .
o
d :
-,
' 3 e
. . Sl
the in USA.
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PUMPS PER SHIP: 1 SCRVICE: Tank Vashing
BESCAPTILNS ‘ | FIBIORMAAICE
size 3213 nelond | jearaany—ors | 450
TYPE/STAGES Cc'xt.rifugal/.ainr'ln whett. L7
MOUNTING Harizontal uouin rumre Son V! ntor
CASING SFUIT Rndi al (Baglr full” 0.1?.) 1SP_GR/TERP/VISC. 1, 03
SUCTION SizE 3" 150:: RELE I'l..n.’:o . 1u_cnon comomnons | P'.Loodc_:d
DISCHARGE $IZE 2!: l_,gg 3 -I L Flonco_ __ luestmcosavan. "‘3'/)\6."1"0
ROTATION o (tuoticn End) voamer—y |69 -
SLevaTiON | i=16056R=6 e SO Y ¢+ .
| SECTION - Fume srcw--:m _35%0 i -
CURVE A=12968 “bRvir_we_(recommnneo) | 160
MATIRIALS ' APARL PARIS
CASING Uorthita.20 | mRusT BEAPING !
CASE WEAR RING -~ UNE BEARING L
| IMPELLER  tezthite 20 CASE WeAR mnGs
IM!’E!MA_B_EILIS__ - o 1MPELLER V\'[AR..RIHGS_ .
| SWAFT___ . korthita. 20 SHATE SUevEs ... e TP Y
SHAFT SIEEVE e e INPRLLLR — FEcd
TTUFFING BOX Packod. {Mlun-dobsastona) | FACKING " °"5’*”-' >
HRUST BEARING  8a12 N
 UNE BEARING | P21% e e ame
BEARING NQUSING | Cast .1ron - - ISR P
FUMP BASE Chennol Steol SRR DA ———
-Gorpding———Felis-T—Spagor I
| Pumr, BasE, COURING | _gona 160 e o 3600, 37()070;’.1, 1ERS 65, Narino
" {DRIVER |1F_FURNISHED). _.6500 L L_onp, '3051‘ Prcmo j
TOTAL RRINY e
SHIPMENT OFf THE ABQOVE DESCRIRLD UNIT CAN BE MADE IN, 102-_“39}{3 eeemers  +ceme=—e AFIER APPROVAL OF DRAWINGS AND RELEASE
TO MANUFACTURE.
DRAV/INGS FOR APPROVAL CAN RL SURAMTIFD \Wiithiet _ . . L‘_?G________ VIEFES AFIER RICTIFYT OF OMDIP WiHIH EHIGIMIERING OETAILS.
COMMLNITG;
AY
4 am -y
WP
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3 x 2 x 13 FRAKIE SELECTION
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ltem Ko Name of Part llem No. Nume of Part
. 1 Casing o 29 Ring, laniern ‘
X ? Impeller o 30 Gasket, impeller Lockwasher
6 Sholt [an integral part of the 2 a2 Ley, hopelier
molaui) ) 38 Gasket, Sleave {Quler) -
b3 7 Fing, Casing o A8A Ling *QY, Shail Sieeve
1N Cover, Stefling Box o G5 Seat {Mechunicul Seal) .
118 Cap, Cooling 71 Adapler Do
] 13 l’ocking * o 73 Gastel, (_‘(uin(_; ¢
[ 14 Sleeve, Shall o 73N Gazkel, Stufling Rosr Caver
17 Gland, Facbing o L /73R ifing "), Coning Cap [Ouler)
17/ Glond, Jhecianicnl Scal o 73C Ling "0, Cooling Cap {laner)
x 24M lochvracher, lmpetler o 73L Gaskel, Gland #A.5.
N 2¢ Screwe, Impeller () 1] Loter, Mechunical Seal
X 27 Eina, Adapier and caver . 83 Stud, Gland i
o 28 Guslel, Impeller Screws o .21 Ring, Retaining (fAech. Scul Rolor)
. o These norle recommended as spare parts 1o be carmed by user.
A Spate porls in oddiion 1o ubove—I{or exrporl only. .
KXY * ‘ b
’ ’ N [
’ Pora S IPY %, 2 0
1./" ~amliey ~
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A 6. TEST REPORT o
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in ASTHe A-479,

Ra.'t‘e t’fo.(S
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Hickel-Chromium-High Molybdentn Alfoys
B

gt LT S IPPN
S8casansnsers

o0 Stoinless  Type316 + cra
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2 9 Hecls Type 304 4 Cra

Hickel-Chromium I‘\llnys‘

. =

.. Rickel-Copper Aliny 400
" Nickel

1
20
i'l-—l‘ump and Valve Body

and naiwe of vendor.

-
.

"x

U Phe vendor shall furnish 3 copies of the repart spoecificd
The report shall show the dato,

_ purchase .
&0 ordcr number, specification number

(MM=-4270), hcecat number

mpy
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- M. ROSENELATT « SON, Inc.

APPENDIX C . 4.3

Hardware Standard Group 1V |

Definition: This standard is a A;cumept which contains the techniéal
information in standard format which is necéssary to define and describe
hardware which s interchangeable from all-vendors as to.interface.
interchangeable, as applicable to this staqdard, means like equiﬁmen;

of a given capacity wil] have identical ~- within limits =-- performanc;
characteris&ics,-interface dimensions, size limitations, weight, mounting
dimensions, and compatibility of materials.

Standard Format:

An example of a format which would serve as a pump standard .
follows: It is obvious that séveral formats are required for the various
types of equipment utilized in propulsion plants. For example, the format
for a heat exchanger would of necessity be quite different in the required
technical data area ;han‘q pump.

EXAMPLE: First Page
Title: Describes pump by Type and service

Standard Identification: Alpha=numerical identification with encoded

indicators

Applicable Documents: Other standards, specifications, and regulatory

agency requirements which apply either partially or whogly or which this

standard is in compliance with

Approvals: Regulatory agency applicable approvals of the standard
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.

Description of Application

vestign requirements w

-~

included

Pump ratings are

required

pressure,

capacity,

umber,

n

[V

includes a

Materials

esign.

includes d

n

.

ships installation and system d

Maintenance Requirements

for compatibility with the

-t



- IV,
.
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List of Suppliers: A current 1ist of those manufacturers known to be

satisfactory suppliers of the standard pump

.

Spare Parts Recommendations:

Test: Required tests at vendor



PUMPS, CENTRIFUGAL, CLOSE-COUPLED,

STARDARD

Slandavd [del-Cefimer —oo-2

T
\ .
ey -
1. SCOPE ’

. 1.1 This specification covers olm’!ric n'mtb:: driven standard close-coupled, sinple Stage. con-
trifugal pumps. JLas Lhe .u\l:-uhm.\ af this  Stentded  thit pumps of a jgaven capacty in gallons per minute
(1z.p.m.) and total dynamic l.u-ad in feet :l_nd type uf clectrical v"i"':’g:c ‘ijn‘q il fourees of supply, Leanter-

. ch:uu:::ahlc as to mounting dimensions, size and innuon of piping Conieclitns, EheHatxon o Hy=e iett-sieeve,
S outtined-mrtrsrmreicstione. 4 a But l"ﬂ e ey . itne
v H - vews - - [ RN « TV L
i 2. APPLICABLE DOCUMENTS ' ’
2.1 The following documents of the issue in effect on date of invitation for Hids 6F Feuuesi-inr neo e
L4 c } § ML SaaUl i TCLL Uit Uadie U1 nviilion gt s or requesttior proposai,
form a part of the aTasderd lo the extent specified herein.
SCrC wr ‘f'ltbf’oc,l '5'( :x\-t‘(ar‘is -
b@o.r-l'k\? ‘-’:*“ﬁclo»\rc\s
2.2 Other muhlications. - “Fhe [ollowinge documents form a part of Uns specilication (o e extent speci-
fied heren. Unless otherwise indicated, the issue in effect on date of anvitation fur bids or request lor
« ° proposal shall apply. .
. t' "
HYDRAULIC INSTITUTE
‘Tesl Code of Slandards « Centrifugal Pump Section
: (Application for cupies should be addressed (o the liydraulic Institute, 122 East 42nd Streel, few York
. 17, N.Y.)
/ .
{. o NATIONAL BUREAU OF STAMDARDS
. ¢ Handbook 1128 - Screw-Thread Standards for=iedere-Sortiers: Q
) (Application for copies should be addressed 1o the Superintendent of Ducuinents, Govermmoent Printing
Office, Waslunglon 25, D.C.) .
OF FICIAL CLASSIFICATION CINMITTEE
Unifurm Freight Classification Rules.
(Apnlicalion for copmes should be addressed to the Ollicial Classification Cammtiee, 1 Park Avenue at
33rd Streel, New York 16, N.Y.)
3. REQUIREMENTS
‘3.1 Materials.- For the materials of construction of nugor parts of pumps eoversd by this speeitiea-
tion sce lable [ of sectinn 6 “Tins table lists 2 numiber of "“115.‘{"}‘"; wluih are eonswdered adeguate (or the
applications, and the table should be Iollowed: however, this speesld atdoil. is n--!’.__ml_c,'x.u‘h-}l 2 be,restraclave o
provided propused glicrnate v w:\h-lrmis will 15pve cquaj gr beiter service, and M Lpjumlibeme e
f”?)&ﬂﬂm:';‘ﬂr”‘ It JRHI: Yr’t'l'l"l"h‘:!f:’u'g‘w_;ﬁl_ux't..l‘.l.i-.‘l.k.s'’‘ %&T&‘iﬁ'{hﬁﬁ&m oo TTT
3.2 Desipn.-
3.2.1 Geuneral design.-
:‘ 4 3 iy ] »
.t ; 3.2.1.1 The principle of reliability is paranwmnt and no compromse af this prmtaple shall be made

<31 with any olher basic requiremeits of design. Pumps shall be designed to aperdle over a Jung porsd of

—parers o8
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yoars with a minjimm of servemg. Where wer or erosng s upavoiditble, the parts sulneeted to such
wear or srnsion shall be of the best materials avalable tar the purpete inleaded ap order o redoce Ut
detrimental effects 1o a minumum . The desipgn and construction of all pumps shatl be consistent wath the
following requirements:

{a) Relmbility.
(h) Acceunsibility for repair.
{c) nsistance 10 wear or currosion. -
() FEconomy. .
(e) Satisiactory operation when inclined as lollows:
{1) Up to 15 degrees Trom the normal horizoatal position i any direction {(permancatly in-
clined). i
{2) With the ship rolling up to 45 degrees from the vertieal o cither sude.
{3) Wilh the ship pstehing 10 degrees up and dowa from the nornsd horizoutal pliae.

3.2.1.2 The desygm of the pump anits shadl be sueh a8 to pernat andhng:, shipment and aastallation of
the units onbuitrd ship withoul disturbing abipnment: and such that the normal distertem, weaving or vibra-
tion of the suppurting structures onboard slups cannol cause {raclure ur appreciabie distortuo.

’

3.2.1 3 Pumps for a specilic apphication shall be selected and specified {rom rating chart fymive |
for alternating currenl (2.¢.) molors, or from raling chart figure 2 for direcl curveat (d.oe ) motars.
Badders shall quote an the standardized pump size and with the hoesepawer (hp.) sunl speed motor as in-
dicated on rating chart (or the application.

3.2.1.4 All pumps for all services shall have constantly rising head-capacity curves frum maximum
or wide-open capacity to zero or shul-otf capiacity.

3.2.1.5 All pumps shall be designed for salisfactory operilion at a nunisn dynanne suction 1ilt of
15 {eet of water at 85°F. -

3.2.1.6 Al pump units shall have nonoverlvadmg hp. characleristies.
3.2.1.7 All pumps shall be right hand rotation (clockwise when viewed from mntor end of umt) only.

3.2.1.8 Casmyg wearing rings shall be {itted in all pumps.

3.2.1.9 Pump casuy jmnts shall be made up using cumpressed ashestos sheet gaskets.

3.2.1.10 Mounting.-

3.2.1.16.1 Tnstallation. - All pumps will be normally sastalled to operate an hormontal jontion: how-
ever, all pumps shiall be capabie of operation in a verbeal pesition with the motor alove the pump. Pwaps
shall be suitable for installation cither fure and aft or athwartship.

3.2.1.182 Dunensions. - All pumps shall have niwunting duncasions and location of pipmy connections
as shown on [pure 3.

3.2.1.10.3 Mounting brackels. - Mounting brackets shall continn a dreap parkot for e collectim of
leakapge from the stutiing box. Size of the tapped holes slid be as shown on fifure 3. Mounliny: brackets

shall be separate {rom the casmes aud shall not include pump sluffing bux as any portion of the casing in
contact with water.

.

3.2.1.10.4 umps and motors shall be assembled At the pump manutacturess plant.

3.2.2 Casus. - .

3.2.2.1 “The design of easmges shall be sulhicieolly rupped to withatamd wtleat fracture op
able thstorton the strisus to whieh they may be subjectud.

apprecy-

'3.2.2'..2 Casimgs shall be so desypned as (0 permt e inspechiem anl Pepaaroine at el wegn e jaris
Suction covers shall be remevable to permit removal of the impeler and ollier wear iy

irts of the pu
© without dismourting the umt. ! e

N )
3.2.2.3 All pumps shall have ¢

asmgs arranged so thal the dischitepe ean oo located moany of the e
positions shown on figure 3. : )

a9 e o2 > . e " ——
.3.......4 AL casmpes shall be provithsd with the nerestary apped senl. dran, praving, am! gugee cogfe-s--- 55
neetions (one the three positions of discharps, K )

,\)

.

-

R
L maEEe



3.2.2.5 Al casings shall be provided with vent cocks in the proper ecanim {or the
charge.

pustliun of dise
' J3.2.2.6 Caswys shall be designed 1o withstand the applicable bydrostaic pressures specihed m
figure 3 (sce 4.4).
-

. 3.2. 27 ._.'_s'g_n_l_inﬂ.._uu[ llib’"l'lill';.‘.l‘_.(‘"}!nst:h_t_\_\\_ﬁ: - Sucton and dimvharee conpeetions shail ae flangeed.
viameier, idckness i deitiing shall b accordance with Afr PRt Polt holes shiail strad

i 2SS Lyl 5 slnil straddie the
vertical cenlerime at the top of the Jtange. - N ' ridile the

e N

3.2.3 lmpelicrs ;u.ul shalts. -

L K T IR T P ae - iy 33 3 PR R .

Vroed.d HAPCUEES S be of the sinde indet closed type. Outisde and insde surfaces of wnpellers
shall be smooth fimshed. " All iwpeliers shall be dymuically balayeed. .
-

) 3.2.3.20 Shatt fhagers shall be provided adjacent 1o stulling hoses for ail pumips.  Fur pamps wilth pack-
ing. the thogers shall be in accocdance with figure 5. For pumps Hiled with meehanseal seals suitible flingers
shall be provided.

3.2.4 ri“‘!j"ll hoxes and packmyg. -

3.‘2.'1.1 .‘-lqlhuu feixes shadl e of adegnate (h'pll‘l and design (o pedues beakage 102 wamnmam ander all
operating condilings. e

v [ : S T T
LAt e e e S

: : : i TTHEIF LT TR T R TTT E VCTUB LT Stuling boxes shail
be equally adaptabile for packing and mechanical seals.

3.2.474 The design shall be such as te insuve it leakaee {roun the plitnds cannet veiach the bearings or
be thrown over the driving units

lond 12; nne
VIGUG W3 T

il ance -nnn.:-q‘!

s ssnrslbrsceer
i Qaly Fonios N

FIAGRING.

Ample drip pockets and deams shaii be provided. Sultwrient space.shall be

fechanical simit seais shall ixe provided m Lew of contend vaal e RIngG W

L when speesfied (sce 6. 1),

3.2.5 Rotating assembiy. -
L2.5.1 Al rolors shatl be dynasueatly lataneed wuh ali rotatag perts vomnected thereto. This
cquires dynamic halanre with the rolatmg eclements of the v unit in phiee: hawever, rolatmg parts

may be balanevd inthvadually provided that when assembled the unbadanee shall ant excend the hmits speci-
fied in STD-167.

3
i
1

' . 3.2.6 Threaded parts. -

3.2.6.1 Threaded parts such as bolts, ctuds aad mus shail confarm to Handiveak 1208
Loaadlce

O
ICIICN AL DNPLY IPTLITING JUIE 9 WULEEL TULIUTY PTORS PEEFIFUVE T S VCEre § O bop Ll X\ 1 y ”
™ < * ™ N
Ledoiag:. [ OV P L PR § 1 ot dot
can 1

T Mtpagr oty

e

b p Ay o ) f 2 0SB THECR N £ 0 B0 SREY 1 L

3.2.6.2 Studs and bolts shall fully engage the nuts with nol mare than tieee tareads extendme beyond the
auter {ace af the nut.  Whepe the watesal sto which the stud s enpaeed in o baed or harder than the stad,
the enzagement shiadl be equal Lo al Teast the stud dimeter. In ather aternals, engagement shall be suffi-
ciont lo carry e maxunun_designed stud joad.

3.2.7 Molors.-

3.2.7.1 The standardized frame numbers for the vrions ratmes of ol
as specthed in tables 11 and V.
6 and 7 as applicable.

-compled g motors ghall be
Frame idange and sinfi eaxivasion duneasiong sl

sen 30 Booe ol e celiiisasis siie Foiensieriwes
Bahdl U W1 SN T VLD

e FaL




.

Tabhle Il - A.C. molors

50°C. ambien!, elass I insulalion {or cliss i1 insuintum,
class B ltemperature limits where advantagems {se 3.2.9).

Frame No. Constant speed

d50vU 1750 140
repen. ropem. ropam.
hp. hp. hp.

17NC 1/3

18NC” ) -172,73/4 172

182CN 1, 1-1/2, 2 3/4, 1

184CN- 3 : 2

213CN 5 3

2I5CN T-1/2 5

254CH 10 T-1/2 5

256CN 15 10 7172

284CH 15 i

286CN 20

3GICH1L ’ 16, 20, 25 15, 20, 25

Table IV - D.C. molors

50°C. ambient, chiss B ansulat e {see 3.2 10),

-MeeiFohAtos inleizral hp., except as otherwise
sificalion requirements:

Serviee L L Lo A.

Ambneat temperature ... .., . aucc.

uty ..., R T S Cantmuous.

Classtlwaton o, ... ., .. .. Squarrel cape midiaeton,
Sub-elassifiention ... ... .. L. Deeszn 13 G antepe g1 hareepns or gt .
Bearmes oo iy e e s ... I H (see Dpares 6 and 7).

Insulaton . ... oo, .. Class B or I with.class B Qunits.
Nunthwer of phases .. .. ... ... Threo.

Frequeney ..., 60 ecyetes.

Voltage . ..ot i i, ... 410 valls,

Enclosure......

4

.......... Tatally enclosed, or Watally eaelosed fan condetd,

Frame Na. Constani s

__dsu0 2000 1750 1150

ropem. F.p.m. Yepom. ropon.
hp. hp. hp. by
1'INC 152 172
18NC 1/2, 444 | oA
1BGCN 1 a09
TBICN 1.122 1
216CN 2
2IBCH a @
254CH b T a
6CN G102 0
ICHN 10 . T-172
QRGO 15 10 9
J24CH T-1/2
J26CNH 20 15 1
JGACNT : 15, 20
JGRCN Y . 25 HY)
A0LCN1 R
141CH o
3.2.8 Allernating curtent maturs. - .
- tEEE =TD
J.2.8.1 Allernating current motors shill be 1n aceardanes sl

RSSO for [ract wnal hp., ar
specified herem, and shatl conform to U fotlowmy;

clas-

Bea
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' 3.29A Direel current molors. -

JErE sTh
2981 Direct current mators <hall e i acenrdanee with Fr=TREN for intepral hp. | ssSe—>wms
.I.l.uf»{m- fractivaal hp., except as otherwise specitied herem, and shall conferi te the followiy classailica-
tion requirements:

SOPVICE Lt s e e A, .
Ambient temperature o ... ... H0TCL
Duwy ..o

. Voltage: .. ovsvnn e vin . 115 or 230 volls as specificd (see G, 1),
. Windingg « o oo von.. St

Rearmes .o onn ... Hall (see figures 6 and 7).
Insulatvn .. ... .. 0. ... Class B.

Enclosure. ... ... .. ... ... Totally enclosed or toladly encloned fan conded.

3.29¢.2 .S-u-c_'g_l__l_l_-lt-r.uu-v = “The full baad spevd of doe. constamt speed moters at operating lemperiature

shall be ant less than Y8 prreent nor nore than W3 pereent of the specified speed foe inteereal hjp. mniors, .
and nol less than 97 percont nor more than 108 percent of the speeified speed for {ractioml hp. motars.

ceeresoass Contmunus.

3.3 Paintinz. - All external snmachined sucfaces of for rous anelal parts, eseepl stiunless steel, shall
be thorougliy cl cleaned and coated with paint == °

3.4 tdentiheation plates. -

3 AL tdentifiention plates shall be furmshed on each pump

L}

347- Pump identification plates shall contain data as fallows:

(1) Manutaeturer's e,
(h) Manufacturer's madel or type and sice. N
(¢} Service '\]lpli(‘.\liuu.
(d} Manufacturer’s serial aumber. :
(¢} Sahieat desien characteristics:
(1 Capacily in g p.m.
(?) Tatl head i pounds per squace inch.
{3} Speed of shutll in revolulions per minute.
(1) fwake harsepower.
(5) Test pressare.
(6} Special dhita vital to the unt:
a. Suclion pressure.
h. Submergence.
. hapelier diucter.
(1) Contract or ordee moober Gd dem number foc mullaple wut oardees),
e N L TY
1 Ses fpom for inspechag’s slamp.
{h e=or standiird pump nuaber.

B4 Each dpae m;, warl sind each accessory unit shall have an wentifientaon PHILC tboitimmtmedororts it 4
e pdamrivbeere ey orosheswsaseiastoon .

3.9 Warkmanship. - The vquipment, metudune atl pacts i secessoeies shall be sanufactue ml and
finished Wit hirst class workmanship s all respects.

4o QUALITY ASSURARNCE PRUVISIONS
4.1 Responzindily lor mnpechion, « Unless atherwese spec bl an the condreart o par clase oder

supplier 18 u--.lmuwlulc- or the perloraemee of a0 s peehion reguan caents s specsfied besean,
nllu'l\\l:w epecified, e supphier mav ohilize lus own factlide:

4.2 Qualits vontrol syntem - The confractor shall pravede an prbinfan PRl cnntiod o it e
ek e —— 1 { ]2 supplees un’( r ml ln\ tlns w-—*ﬁdt HMMQ%MMM

.u.uT

. Line
P gt oay
e atny conner cial laboraiar s aceeptatte

& AT B AT ST

.20 Dever phot ol pacedures, - Procedures shall be assembled moananual form and siall mdeate
orgnmzalion and l'vsp-m\llulll\ o U caatral of quabity.
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4. 2.2 luspection durmg nfnulacture, - The conlraclor stll establich amd mambam mspection
APPropesdtely Jocated pomts’ in e manuideturing process, begnming with the s eceipl of 1 gaterals and
gubieemiractod partg thraueh teal testing and preoperation for shipment of complieted umts, (o assure cone

tinuaus control of quiabity of gurts, companents and asscmbles,

1.2.3 Measuring .nnl sl vipyginent. - The conteactoe shall provide aml mantan cnes, stra-
ments il olier measug g sod tesdang tevices neeessary to assure sl supplies soadorng o cmdract re-
quirements.  These deviers shall be calibrated apainst measorement standards or desuierted eassrang
equipment al estahlhished peeosis o assure confinued aceuraey. The contiactor shall prepare and maanian
@ weitten schedule lor the muntenance suud calibration of sm-h ('quumu'ul based on the type, purpase and
dogree of usape.

4

4.2.3.1 AU 'msl ruments used i performance wsis shadl e calibaaiod belore and aiier tesis.

3 lwepoection of nn

4.3, 1 Materiats used i the puanps and aceessories aml wdentaiged onapprested dreasemgs
T T e 1153t g0 Lable 1 or elsewhere  thas spectiieation, shail be subjeciea (o wspec-

tion n.qulrcmt.nls HithenprHcrhterpeorrentrmroywirchedentitred:

.

4.3.2 Matermls uset in the pomps and accessarnes which are sientited on approved dasmes by
Industry and Techmead Snerets spredicahons ur standards shallbe subpecied o mspection ropurements of
the applicable spreeilication o standard by which ideataficd. .

4.2,3 The ronts ' 2 svstem of inspection and uhenilicatum (o msure that specilied
and approved malerials are u::vd in acrurdance with .lpprou.cl drawings.

4.3.3.1 U request of (he oot inspector, he contractor shiall lurnish sampies of maierials
and available information conerrning their quahty and use. When the sdentals or quality ol an dem is in
doulit, and in the ahsence of el and ueceptable lest data, the contraclor siull conduct such Lests as are
necessary lo determine or verily its identity or guadity. -

4.4 lydrostalic tests, -

4o AU puinp ecasinges shall be tested bedrastatieally to pressages indicated i Geare 30 Hydeostatic
test prossures shidl be maantuned for at least 15 mimutes, or longer as necessary for mspection ul the
entire casing.

1.5 Operatine fest of cach punp. - Fach punep assembled with its drivem motor shall be fested at its

rated operaling sperd and Fiated 10ad by 8 continuous nonstop run of &t least 30 sunutes, lo cheek operalion
and smonthness ol ranmng.

1.6 l'vr(m manee lesis. -

.61 e h-u mance tests chall be conducted and repotted s aceogdanee wath the Test Cotde of St
ol the Hvdraulie Institate, Ceatriturmd Pumip Section, for lests classed as “Faclory tesis al (o
facturer’s plant”™

11l
:|=| " = 14

el s de 5.

Y -G T . -
4.@. 2 Driving umls sl be tesied as requured by the agpbicable motor \prrmw&auu. {see GL1).

1.6.3 Pertvrmance test. chall adequately desmonstrate the alabity of the pung to handle it rated Cue-

ity ol spredied hgued at the masiniun temperalure and nummum suctum head, or mazimum saction Lit or
vacum, as apphicable.

1.6.4 Sulbierenl dttit shald e Giken durimg the tests o Prece piap chatacteriste curees a8 gpeci-

fieed in of. ‘ 1’ In all cases the test data shadt e corrected 1o the sprcified ape r.:hm' condilions a< {a volle
ape, frequency, temperature

traet or aveder;, sueh conditione
actual Tonshed diamnteor of thee

speralie pravils, suetwon head ar hig, and \.u"nm, A oset forth wn the con-
Shall bee elearly showen on the data sheete, The data sheets shatl sbite he

A s hed diameter of the LH soanstalied s Gt Tent data aoed curces siitdi be compiete
over the eatire range ol x..tp.u'nln-:: hmn shul-all 1o as aear ( tlv hivery as possinde.

WS The following (est earves shiadl be supphied for the rated speeed condituong of the motog:

(a) Cagareily versns lobal hea
(h) (..l}.ll‘ll\' versus pump eificiency. '
(e} Caparcily vevsus nabe hyp.

{} CTapacity versus clectrieal hp. inpal.

4. 6 7 (("lllll( fe fest reports, welading tosy data -

[ v B33 i = u .i:~‘.‘\vm|m= —
and distribulod essretiwese: -

.
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1.8 Inspeciiog g_:[_p_\.l_u_x_p__rr-l_uj.x'_lr_.l_l_'[s__. = The pump repur parts reqared by 3.7 shall s gsjaerteod 10
assure wmterchaupeabilify wiih the s'unll.lr pards in the ansemblet-panipes O ily niderial analyses
and phvsieal lest specimens will yol he required but such procetures shatl b emploved as sl assure
the delivery of pirts made of the Same naterials amd by the same processes as for the assembled pumps, -

-
5. PREPARATION FOR DELIVERY . . }

5.1 Dowmwestic shtpiacol and carly ¢

auipment instailition and for slorige of cobeard repour prte, -

5.1.1 Basic enquipment o ilem, -

S.lodo b Peeservatio gl el - Preservidgg and |u;n'¥..|§:m;; stedl-be sufficient to aiford
protection apnst "")F;'.iiz.lu;l, -;h-i("}n;;'.fln'tn and phvsival doanagae durig shgnen! | )
the using aclivaty and untit e §o mntillition
such meets these requirements.

Adiouate
ron the wapply suuree ty
amd iy conturm to e supphiers commereial Praciice when

5.1.1.2 acking,. - Packie shall be accomplished in a2 manuer whtel will imeyre :ir':'.‘illnnc'.‘ b common
carcier at the lowest rate and will safinrd profection ammst phys

Sl or mechameal damage dur g thirect
shapment frian the supply semiree (o the using Aty for early inalallation. The ~hppnge conlamerg or
method of packing shall canfori 1o the

tniform Frega Classiheatvm Hules and Hepnlationg o pthep carrier
reculations as applucabie to the meade of transpostation and may conform to the supplier's ctmmercial practice
when such meets these requirement s,

5.1.1.3 Markwnge. -

. e LU M
shipping containers n
namencliature, D ey
tor's name and destingl iong.

. -—— - —— et = ———— -

Shipment markmg wdormation shall twe provided on interine packanes and uxterr
accardance wilh the comtractar's commereial practice. The information shall nclude
2 manufacturer's part number, contract ur order number, contrac-

6. Lo1Es

6.1 Quderme data. - Procurement documents whould specify the followng:

(1) Tile, number a4 gute «f tius speefication. .

MY D swaneer feee fuwure 1), . .

=1ttt s apaci'y. .

(1} Ratesd talal heud.

(=) Limuid handled,

(N Specific pravity of Liuicl iandjod.

1) Lagused teprrature. . )

(i} Suetuns head. . -

{9) Whether meelanieal seals are codquired (el

(1) Vetane for direet THTFent mntors (sau edettnt )

(]} Mesoarr amd vonty nller spradwations ol electrueal vhatacte
mder aml conty oljer specificalions),

(1) === drawnpe TESUIT ] fmeottniyo 1),

() Winsther neowls are regquired, aml quant HY dfrvemertiostoma.

() The smamber of pmnps per ship on which uantity of onboard repar parts s to be tased

“T.T.CR

tisties {as required by the applicabie

el (o rnnt M et I T e A e o
1) Cleasmp, precerent i, packagang aned markg resquirements .
G.2 “lable 1 olfers. 5 wule fange o avceplithle matermats for vag e, Pump parets {oee 3019,
)
, \ e
W - B
\u
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. Table [ - Materials for puinps.
. , o . - 37 4757 |
Application Material Speunafivabing :\--plu-ahlv doecument ™~ -
.| Casings Guan metad AKIM I\H Aoy TA o IR0
Valve brunze I ASTM BI43, Alloy 2A-1B61-52
Copper-mickel alloy (70-30)
Mickel-copper alloy l A
Steel, highly alloyed= - i\(‘l CN-TM
Studs, bolts nuls [Hickel-copper alloy, rolled, Aq I‘M 3161, Class Aor B
claiss Aor 3
Naval brass . ASTAT 124, Alloy 3-121-54,
¢ Allen A
Manganese bronse, class Aor ASTM RIIR, Alloy A or H -
H124-55, Alloy 4 :
tmpeliers | Gun metal : ASTM BI43, Alloy 1A or 1D
Nickel-copper alloy- .
Copper-mekel aliny (70-30)
Steel, highiy atloyed ACTCiN-M
Impeller and’ Wirkel-copper :\lluy-l-/
casmy werrmg  1Gun metal ASTM B3, Alioy 1A or 1D
rings—’ Bearmg: brenze, grade 11 or 11
Valve lyonze ASTAL BEHR, Alloy 2A - BGL-52
Steel, hathly alloyed ACI CN-TM
Iran, class A (ductile Ni-resist)
Shalts Nickel-copper alloy, rolicd, TASTM BIG, Class A or D
class Aar 8§
Nickel-copper-aluminum altay
Shaft slcoves Nickel-copper-alummmum alloy, .
nupinntn lardness 265 Brinell .
sSteel, hpghly alloyed ACICR-TM
Flinzer Gun metal AF TR 1143, Mln IA or 113
valve bwanze ASTM 4L, Allov 2A - 1I61.52
Lamtern vings, tiun metal ASTEAL R143, Alloy 1A or 1B
rlands and Valve brauze ASTM 8143, Allny 2A .
threatt l)u'-‘hin[“i )
hMountig b '\ckcls Gun metal :\ SESRL l’l Alh.n"l:\ or H!
Valee hronze ASTM RI43, Alloy 2A - RO1-52
Copper-mekel alloy {(7U-30)
Impeller nuts tn‘n—n-n;.«:hl- - . - 'I.\..“de-i‘.l'i:.{:../-\“"‘t\?.l:\-u'r 13
Nickel-copper alloy ASTAM BIGL, class A o B
Stuffing bax ! Plastic metallic, fead tse
packing
Flesible metalhic
Casugg askets Asbrstos, sheet, compressed
“ For service  wiich total head is 2249 feet or more.
A wearmg v i s opposing surface shiall be of dissinlar materal, -
3"‘AS TN denetes standard sprefications of the Ameriean Society (or Testing amd Materals. (Application
for copies ¢ lu.ul-l Le addressed to the Amwerean Society for Testing and Materaln, 1916 Race Street, .
Philadelphaa 3, 1'a.).
CACT depntee sambard speeihcations of the Alley st Justitte, {Applicatuss for copans shauld lee
addressed in the Aty Casting Inutitute, I Foankbn Avenae, Garden s, 10w Yarkl)
Pechnal seosgete and Vecheal aesoriaton cpeoseabone e standaods e o pally :l'..lll-.ll'!l' for teler-
enee [ Bbrares. They ae alse distntated anwng techmcal grounps and stange Pederal atencaies.
= Rmeriais uged mav e maccardanee wh eher Government speectlie atime or ASTAL specilweations, or
equivaieat madenial toa any other recopnized indastry stndard specihcatem, such as the Soeciety of Autao-
molive Engneers (SAE) and the American fron and Steel Institute {(AIS1H, at the panp masufacturer’s option.
= Perand diawmes and Liste ol maderml shall reference e specifcations actiatly followed in cachocase, and e
shall mclude the class, tipe or grade ol nuiterial used i cach case, as apphicable (see 3.1 apdl 3. 5. 3T H 0 Tacweer
- e B —— e 0
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STANDARD FRAME DIMENSIONS AND BEARING SIZES FOR
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DIMENSIONS IN INCHES
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v Eii "_ B 5. .
NO. [MAX|MAX ve | ° D 8RG. 1 - |wT
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‘ N N U PN I L 1 3o
18MC | 10 72 q 3 i <yl 3 51\ 303 305 :'l aQ
. Lame b o« Standaed dunensions of fractimal hpe €lonrecomund inators,
NOTES: : -
. RADIUS SHALL BY SMOOTH AND CENTER WCUS COLICENTRIC
VITH SHAFT AXIS.
2. SIALING SURFACE SHALL BE SMOOTH ANND PERPENDICUL AR
TO SHAFT 4XIS, :
3. DIAMETER 1O 8L CONCEHTINC ‘WITH SMAFT AT IMPELLER
LOCATION WITHIN 0.004 INCH TOTAL IMDICATOR READING .
4, FACE OF FLAMGE TO DE SQUARE WITH SHAFT ITHIN
0004 INCH TOTAL INDICATOR REAUIG,
5. RUNOUT OF SHAFT 0.002 INCH MAXIMUM TOTAL INDICATOR . ’ o
. READING. LR

6. TOTAL AXIAL END-PLAY OF SHAFT 1 ASSEMILED ¥OTOR
AT MNO-LOAD SHALL NOT EXCEED 0.010 ixH

.. - #:
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