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this document or by letter.’ ‘ S

[

1i-




Downloaded from http://wwm.everyspec.com

DOD-STD-2137(SH)
13 April 1982

" FOREWORD

Purpose, The purpose of this standard is to delineate the mass
properties technical requirements for surface ships.

Background. This standard satisfies a requirement to combine all
mass properties contrel technical requirements for all phases of U.S. Navy
surface ship acquisition contracts into a 3ingle document.

Concept. This standard inecludes pertinent definitions and mass
properties report content and procedures for both the pre-detail design and
detail design, and construction phases. All sections are self-sufficient
in technical coverage; however, they must be considered in conjunction with
the policy and procedures of the basic document to be applied effectively.

Benefits. This standard defines mass properties technical require-
ments and discusses different types of mass properties estimates and
reports., It will assist in achieving more uniformity by standardizing thne
mass properties reporting system.

iii
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1. SCOPE
1.1 Scope. This standard establishes mass properties estimate and
report content and procedures for all design phases of surface ship

acquisition including: feasibility studies, preliminary design, contract
design, detail design, and construction.

The interface of mass ﬁroperties estimates

llowing documents, of the issue in

2.1 1Issues of documents. The fo
effect on date of iavitation for bids or request for proposal, form a part
of this standard to the extent specified herein.
STANDARD
MILITARY
DOD-STD-1690 - Maritime Metric Practice Guide.
PUBLICATIONS

Q MU AMD FNAYTQDR AN
Fla MOriniay w \nnavwony

0900-LP-039-9010 ~ Ship Work Breakdown Structure.

0900~-LP-039-9020 ~ Ship Work Breakdown 3tructure for Nuclear
Propulsion Plant (U).

0902-LP-002-2000 -~ Bureau of Ships Consolidated Index of
Drawings, Materials and Services Related
to Construction and Conversion.

(Copies of specifications, standards, drawings, and publications
required by contractors in connection with specific acquisition functions

o e I | Lo P IR Y | — A oAb oA oo A la oo
SICUld DE LpLdlieu II'Om r.ne Luncracu.l.ng dCDlV.I.DJ’ Oor as dairecuved oy wvine
contracting officer.)

2.2 Other publications. The following document forms a part of this
atandard to the extent specified herein. Unless otherwise indicated, the

d mmiia dm afLamd An Aanba AP drnvibabtdan Par hida An hnnuaqf Pnr\ nv‘nnnﬂn'l
L3IJUE 1@ Ci11€CU0 O Gdue Ul 10Yipduvlidda 1D vauag v SJquesSt prepedac

shall apply.

AMERICAN NATIONAL SThNDARDS INSTITUTE, INC. (ANSI)
X3.4 - Code .for Information Interchange.

(Application for copies should be addressed to the American National
Standards Institute, Inc., 1430 Broadway, New York, NY 10018,)

(Technical society and technical association specifications and

standardas ars aannr‘n'l'lu gug‘l'lnh'la for reforenae from librariss The}’ ara

a7 W Aal wy T muuaTe L Ly STUrvaasaw HR~ I -l . -

also distributed among technical groups and using Federal agencies.)
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. 3. DEFINITIONS : .
3.1 .

Accepted mass properties estimate (AMPE). AMPE is the best
evaluation of the ship with respect to mass and the vertical, longitudinal,
and transverse location of the center of gravity.. It is derived by compar-
ison and analysis of the contract design mass properties estimate and the
contractorts design mass properties est1mate. :

3.2 Accepted ship report. An accepted ship report includes the
displacement, height of the ship's center of gravity above the bottom of
the keel (KG), trim, and 1list values of the inclining experiment prelimi-
nary report, from which the net mass properties effect of adjudicated and
unadjudicated contract modifications and mass.properties changes due to
Government-furnished material (GFM) have been .algebraically subtracted.

3.3 Acquisition margin. Acquisition margins are mass and KG allow-
ances included in the mass properties estimates to cover the inherent
limits of precision and the undefined variations of component mass and
centers of gravity that take place throughout the design phases and during
the construction of a ship. In order to provide for adequate mass
properties control and configurations control, acquisition margins are
divided into five elements: preliminary design margin, contract design

margin, detail design and building margin. contraet modification margin,
and GFM margin.

3.4 Actual mass. Actual mass is the value obtained by an actual
measurement of material on a scale,

3.5 Baseline mass properties estimate. Baseline mass properties
estimate is the mass properties estimate of the light ship, full load,
capacity load, and any other specified load condition prepared during the
functicnal preliminary allocated, or .allécated baseline design phase.

3.6 Calculated mass, Calculated-mass is mass computed from ship
construction drawings and veador drawings.

_ 3.7 Capacity load condition (condition E). The capacity load
condition i3 the ship complete and ready for service in every respect.
It is light ship (condition A) plus the following variable loads: maximum
number of officers, crew, and passengers that can be accommodated and their
effects; maximum stowage of ammunition in magazines and ready service
spaces; full allowance of aircraft and vehicles (empty mass with, full
allowance of repair parts and stores); maximum amount of provisions and
stores that can be carried in the assigned spaces; and maximum capacity of
liquids in tanks. Fuel and lube cil 3hall not exceed 95 percent of tank
capacity, unless such tanks are compensating. Compensating tanks shall be
considered filled with 95 percent fuel and 5 percent salt water. Maximum
amounts of cargo and supplieg, other than for ship's own use, shall be
ineluded to the full capacity of the assigned spaces. This load condition
shall not exceed the limiting drafts.

vy




Downloaded from http://wW.everyspec.com

DOD-STD-2137(SH)
13 April 1982

3.8 Category. Category is a fundamental unit of machinery mass
classification for nuclear-propelled ships as defined in NAVSEA
0900-LP-039-9020.

3.9 Catego}y system. Category system is a system of machinery mass
classification for nuclear-propelled ships as defined in NAVSEA
0900-LP-039-9020. .

3.10 Contract dsta reguirements 1list (CDRL) - DD Form 1423, A CDRL
is a contract form listing all data items selected from an authorized data
list to be delivered under the contract. It includes the frequency, sub-
mittal and distribution requirements.

3.11 Contract design margin., Contract design margin is a2 mass and

uco
KG allowance included in the mass properties estimate to account for
inereases associated with design development during the contract design
phase. This margin is carried in the feasibility and preliminary design
phases. No portiow of this margin is consumed prior to the start of con-
tract design, nor is any unused margin carried over into the next design
phase.

3.12 Contract design mass properties estimate. Contract design mass
properties estimate is the mass properties estimate of the light ship, full

load, capacity load and any other specified load condition prepared during
contract design phase.

s .
3.13 Contract modification margin, Contract modification margin is

a mass and a KG allowance included in the mass properties estimates and

reports to account for increases assocliated with contract modifications

issuved during the detail design and construction phase., No portion of tThis

margin is consumed prior to award of the detail design and construction

contract.

- an - R N v ey PR R AAdd DL bk d A PR e 4

3.14 Contract modification report., Contract modification report i3
a complete listing of contract modifications that supplements the quarterly
mass properties report, accepted ship report, and final mass properties
report. It constitutes a statement of adjudicated, and currently unadjudi-
cated, mass properties values that will be used toc modify the displacement,
wr 1T d b e | v e md bl oo o own ma D LW AR AW 4 aa Aab i maba heoanldnma
AV, lliobL, 4alUu LI i1l i l:lll'.' ﬂt.l.-!':yut:u Wadd PIUPTi viTOo CSoviutidve OF vaserine

mass properties estimate,

3.15 Contractor's design mass properties estimate. Contractor's
design mass properties estimate. is the mass properties estimate prepared by
the contractor at the beginning of the detail design and construction

phase, based on Ship Specifications and all documents referenced therein.

3.16 Current mass. Current mass is the sum of a combination of the
latest estimated, calculated, or actual mass for all items.

3.17 Density factors., Density factors are factors by which the mass
of variable load2 may be computed. These factors are included in the
design data package,

L]
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3.18 Design and mass properties data sheet. Design and mass proper-
ties data.sheet is a mass properties data.sheetiwhich includes general

data, .nhull characteristics data, displacement. and stability characteristics

data, load data, and machinery data as are appropriate to the ship.

. 3. 19 Design data paeka&_. Design data package is a package of
design information, usually containing curves of form, endurance require.
ments, density factors, the group summary of the contract design mass
properties estimate without margins, -and Bonjean curves which is furnished
to the contractor after award of contract. : .

3.20 Detalil design and building margin. Déetail design and building
margin 13 a. mass and KG allowance .included .in the mass properties estimates
and reports to account for design changes to the current mass due to ship
construction drawing development, growth of contractor-furnished material,
omissions and errors in the accepted or baseline mass properties estimate
as well as differing shipbuilding practices, omissions and errors in the
ship construction drawings, unknown mill tolerances outfitting details,
variations between the actual -ship &dad 'its curves of form and similar
differences. This margin is to compensate for all contractor-responsible
discrepancies between the contract design-or baseline mass properties
estimate and the results of the -inclining experiment, as well as tolerances
for experimental variation in the inelining experiment. This mass and KG
allowance is carried in the feasibility, preliminary, and contract design
phases but nc portion of this margin is consumed prior to award of the
detail design and construction contract. .However,:-the actual value:for
mass as well as location for .the design and building margin is likely to
change at the start of the detail design phase because this margin repre-
sents an allowance that is actually. the.icontractor's responsibility. Thus
it-is subject to negotiation with the contractor 3elected for detail design
and construction.

3.21 . Estimated mass..Estimated mass is based on Ship Specifications
and preliminary data, including estimated mass values of GFMr

3.22 Feasibility .design mass properties estimate. Feasibility
design mass properties estimate is the:mass properties estimate of the
light ship, full load, capacity.load ‘and any other specified load condition
prepared during the feasibility design phase.. .

3.23 - Final mass properties report. Final mass properties report is
a detailed final report of mass properties data for all required loading
conditions., This report accurately reflects accumulated values for esti-
mated, calculated, and actual mass properties data for design development
including the net effect of changes for GFM and for adjudicated and unadju-
dicated contract modifications.

'
%

3.24 Full load condition (condition D). The full -load condition is
the ship complete and ready for service in every respect. It is light ship
(condition A) plus the following variable loads: authorized complement of
officers, crew, and passengers, and their effects- full allowances of

4
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ammunition in magazines and ready service spaces:; full allowance of air-
craft and vehicles (empty mass with full allowance of repair parts and
stores); full supply of provisions and stores for the periods specified in
the design characteristicsa; fuel in amount necessary to meet endurance
requirements; anti-rell tank liquid; and all other liquids in tanks to
required capacity 1an accordance with characteristics and existing liquid
loading instruction. The ammunition, stores, fuel and other liquids
referred to above are for the ship's own use, Cargo (liquid and solid) is
ineluded in amounts normally carried or to the specified portion of the
full capacity of the assigned spaces.

3.25° Government-furnished material (GFM) margin. GFM margin is a
ma3s and KG allowance included in the mass properties estimates and reports
to account for increases causged by the growth in GFM during the detail
design and construetion phase. No portion of this margin is consumed prior
to award of the detail design and construction contract.

3.26 Government-furnished material (GFM) report. GFM report is a

list of GFM mass properties data at the time of award of the contract which
is updated to indicate any changes to these data.

3.27 Group. Group is a fundamental unit of ship classification,
identified by one numeric digit or an alphabetic designator.

' 3.28 Inch-pound units. The inch-pound units for this standard is a
system of units using pounds, long tons, feet, foot-pounds, and foot-tons
for reporting mass properties data. These data are carried to the nearest
pound and foot-pound at all detail levels. In addition, summaries are.
converted and reported to the nearest one-hundredth of a long~ton and to

the nearest foot-ton. All levers are carried to the nearest one-hundredth
of a foot.

3.29 1Inclining experiment. The inclining experiment is the proce-
dure for determining the height of the ship's center of gravity by
observing the inclination produced by a known transverse mass moment and
for determining the displacement and fore-and-aft position of the ship's
center of gravity by observing the drafts,

3.30 Input data cards. Input data cards are detailed mass proper-
ties data on punched cards which comply with the Navy standard computer

program format and are used by NAVSEA to prepare Navy mass properties
estimates and reports.

3.31 Light ship condition (condition A). The light ship condition
is the ship complete and ready for service in every respect, including per-
manent ballast (solid and liquid), on-board repair parts, aviation mobile
support equipment as assigned, and liquids in machinery at operating
levels, without any items of variable load. This condition represents the

ship under wartime conditions, with ultimate armament but peacetime boat
allowance aboard.
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©3.32 Longitudinal lever. Longitudinal lever is the perpendicular
distance from a transverse plane through the longitudinal reference datum
of the ship to tne center of gravity of an item. .This reference datum
shall be located at the forward perpendicular unless otherwise specified by
the design contract or ‘the Ship Specifications (Section 096).

3.33 Mass distribution. Mass distribution is the mass distribution
of a ship's hull, cargo, armament, etc., measured by the standard longitu-
dinal station breakdown to develop shear forces and bending moments.

3.34 Mass moment. Mass moment is the prodhot of a mass and its
lever. For example, the longitudinal mass moment of an item is the product
of the mass of the item multiplied by 1ts longitudinal lever.

3.35 Mass properties control. Mass properties contrel is all the
action necessary (e.g., predicting, estimating, calculating, actual mass
determining, reporting, analyzing, and ‘evaluation) to ‘ensure that the
ship's mass properties data are consistent with the values agreed upon for
displacement, KG, list, and trim in the accepted or baseline mass proper-
ties estimate. o '

o

3.36 Mass properties data. Mass properties data are those physical
properties which include mass, center of gravity locaticn, mass moments,
moments of inertia and products of 1nertia. whose values are required to
control those characteristics that collectively determine pertormance and
stabtlity.. = . . .

3.37 Mags properties reporting. Mass properties reporting is that
part of mass properties control which constitutes the technical presenta-
tion of the best known mass properties data, at. periodic designated times
throughout the design and building processes,.

3.38 Percent completion. Percent completion is the ratio of the
current mass less the current estimated mass portion. to the current mass,
expressed as a percentage.

3. 39 Preliminary desdign margin. Preliminary design margin i3 a mass
and KG allowance included in the mass properties estimates to account for
increases assgociasted with deslgn development during the preliminary design
phase.,. Thi2 margin is carried in the feasibility design phase. No portion
of this margin is consumed prior to the 3tart of preliminary design, nor is
any unused margin carried over intoc the next design phase.

3.40 Preliminary design mass properties estimate. Preliminary
design mass properties estimate is the mass properties estimate of the
light ship, full load, capacity load, and any other 3pecified load condi-

tion prepared during the preliminary design phase.

3.“1 Quarterly mass properties report. Querterly mass properties
report is a summarized mass properties report based on the accepted or
baseline mass properties estimate. - It reflects accumulated values for
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estimated, calculated, and actual mass properties dats for design develop-
ment, includlng the net effect of changes for GFM and for adjudicated and
unadjudicated contract modifications.

3.42 SI units. SI units (International system of units) (see
DOD-STD-169C) for this standard is a 3ystem of units using kilograms,
metric tons, meters, kilogram-meters and metriec ton meters for reporting
mass property data. These data are carried to the nearest kileogram and
kilogram-meter at sll detail levels., 1In addition, summaries are converted
and reported to the nearest one-hundredth of a metric ton and to the

nearest metric ton-meter. All levers are carried to the nearest one-
hundredth of a meter.

3.43 Standard longitudinsl station breakdown. Standard longitudinal
station breakdown is a mass distribution breakdown system consisting of
twenty-two stations designated by the letters A through X (excluding I and
0). Each ‘station space i3 1/20 of the length between perpendiculars,
Station A is the only station forward of the forward perpendicular (FP).
Station X i3 the only station aft of the aft perpendicular (AP). Stations
B through W extend from the FP to the AP,

3. 44 Three-digi} system. Three-digit system is a system for ship
classification defined in NAVSEA 0900-LP-039-9010, NAVSEA 0900-LP-039-9020,
or NAVSEA 0902-LP-002-2000, as applicable,.

3.45 Transverse lever. Transverse lever is the perpendicular dis-
tance from the vertlical centerline plane of the ship to the center of
gravity of an item.

3.46 Vertical lever. Vertical lever is the perpendicular distance
from a horizontal plane through the molded baseline of the ship to the
center of gravity of an item.

4, GENERAL REQUIREMENTS

4.1 Determination of mass properties data. As ship design or ship
construction drawings are prepared and as material is selected, acquired,
or received, the mass and centers of gravity of all items that comprise the
ship shall be determined and reflected in the mass properties estimates and
reports. In addition, the mass properties data for all componeants and
material, and their overall effect on the ship's displacement, center of
gravity, 1list, and trim shall be determined, These data may be obtained by
estimation or calculation during feasibility, preliminary and contract
design. and by a combination of estimation or caleculation of ship construec-
tion drawings and by actual mass determination of items during detail
design and construction.

4.2 General report requirements. The design contract or the Ship
Specifications (Section 096) will invoke this standard and will establish
techinical data to be prepared, modifications, or exceptions. The contract
data requirements list (CDRL) will establish requirements for deliverables
such as: submittal data, frequency of Submittal, number of copies, and

7
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recipients. The general requirements for the mass preperties estimates and .
report3 listed in this standard shall be in accordance with the criteria

specified in 4.2.1 through #.3. The estimates and reports 2hall be as

specified in the CDRL. ;

4.2.1 Loading conditions. Loading, ‘conditions normally required will
be light ship, full load, and capacity load conditions. However, such
required loading conditions for a specific ship will be specified in the
design contract or Ship Specifications (Section 096).

4,2.2 Margins. Required acquisition margins shall be included in
the estimates and reports. Departures from original baseline values are
reflected by concurrent adjustments to the appropriate acquisition margin
account, Acquisition margins are required during pre-~detail design phase,
Normally, only the detail design and building margin is required during
detail design and construction phase, Additional margins, if required,
will be specified in the Ship Specifications (Section 096).

4.2.3 Three-digit system. Items shall be grouped in accordance with
the three-digit system. To demonstrate the amount of detail required, an
example will be furnished upon request and will consist of a typical mass
properties estimate in which all mass, lever, and mass moment values have
been deleted. This example may also be used as a guide for determination
of classification grouping. - Normally, the three-digit system to be used is
"Ship Work Breakdown Structure" (SWBS). An alternative system, the "Bureau
of Ships Consolidated Index™ (BSCI), will be specified in the design
contract or Ship Specifications (Section 096) if applicable.

4.2.4 Summaries. Summaries shall be included for all required .
leoading conditions and their associated drafts {forward, aft, and mean),

list, trim, KG, and metacentric height (GM), uncorrected and corrected for

free surface effect of liquids in tanks (with and without the net effect of
adjudicated and unadjudicated contract modifications, and net mass and mass

mement changes in GFM) A/

4,2.5 Mass moment of inertia. when specifically required by the
Ship Specifications (Section.096), mass moment of inértia data for each
loading condition of the ship shall be included Current detail data and
engineering information shall be used to develop this mass moment of
inertia data. The minimum data to be ineluded are as follows:

(a) _Roll, pitch; and yaw moments of inertia about the centroidal
axes,

(b} Principal axes inclinations.

(e) Roll, piteh, and yaw moments of inertia about the prinecipal
axes.

e

—/This portion i3 not applicable to pre-detail design phase estimates or
reports, ’
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. B.2.6 HReporting system unmits. Unless otherwise specified, esti-
mates, reports, and other specified mass properties documentation and data
shall utilize SI units. The design contract or the Ship Specifications
(Section 096) will invoke the inch-pound units when applicable '

L34 I N P G LT wa,

4,2.7 Mass properties changes. The mass properties reports shall
include reasons for mass properties changes (in accordance with the three-
digit 3ystem) from the previous estimates and reports, and shall also

include recommendations for reversing unsati ef‘gni’nr}r trends toward

exceeding the established margins or limits. Reasons for mass properties

changes are only required for the second and subsequent reports within a
design phase.

"nilgla tavie

table of contents.

b,2.9 Special coding. An explanatory note and remark section shall
be included to define special coding symbols such as: material codes, GFM
indicators, asnd reassons for change indicators.

4,2.10 Lever symbol. Vertical levers shall be indicated by “-% for
below the baseline, and "+" or blank for above the baseline. Longitudinal
levers shall be indicated by "F" or "-" for forward of the reference plane,
and "A" or "+" or blank for aft of the reference plane. Transverse levers
shall be indicated by "P" or "4" or blank for port, and "A"™ or "_% for
starboard.

h.2.17 Mass properties data. Estimates and reports shall be in
detail and shall include latest evaluation of mass data and vertical, lon-
gitudinal, and transverse levers and mass moments for each item.

§y,2,12 Paper. The estimates and reports shall be machine written on
paper no larger than 230 millimeters by 355 millimeters (9 inches by 13
inches) and shall be protected by hard covers but not permanently bound.
The original or reproducible copy s3hall be suitable for microfilming,.

4.2.13 Supporting documents. Background information studies, direc-
tives, correspondence, and all detaill calculations pertaining to mass prop-
erties data, including density factors, shall be included in the submittal
of the estimate or report. These documents are not required to be sub-

mitted with interim reports, unless specifically requested by the design
contract.

§,3 Classified reports. Mass properties reports containing confi-
dential data shall be marked in accordance with security requirements of
the contract. Whenever possible, elassified or proprietary material or

data shall be downgraded by deleting classified or proprietary portions
that do not impair the usefulness of the document.
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5. DETAIL REQURIEMENTS

5.1 Pre-detail design phase, Estimates. reports, and supplemental

. documents for this design phase shall be in accordance with 5.1.1, unless
otherwise 3o stated.

5.1.1 Mass properties estimates and reports. Mass properties esti-
mate3s and reports prepared during. this phase typically consist of design
mas3s properties estimates or baseline mass properties estimates, and
interim reports. These estimates and reports are in detail and summarized
in tabular form as follows:

(a) Three-digit system number and title.
(b) Original mass.

(e) Current mass.

(d) Current vertical lever.

(e) .Current vertical mass moment.

(f) Current longitudinal lever.

(g) Current longitudinal mass moment.
(h)} Current transverse lever.

(i) -Current transverse mass moment

‘The mass properties data included in these estimates and reports are based
on the characteristics, applicable specifications, and preliminary
information.

5.1.1.1 Design mass properties estimates. The final estimate pro-
duced during a given design phase is designated the design mass properties
estimate., This estimate will reflect the appropriate title, such as:
Feasibility Design Mass Properties Estimate, Preliminary Design Mass Prop-
erties Estimate or Contract Design Mass Properties Estimate, The require-
. ments for the estimates are as outlined in 5.1.1 above.

5.1.1.2 Baseline mass properties estimates. The final estimate pro-
duced during a given baseline design phase i3 designated the baseline mass
properties estimate. This estimate will reflect the. appropriate title,
such as: Functional Baseline Mass.Properties Estimate, Preliminary Allo-
cated Baseline -Mass Properties Estimate or Allocated Baseline Mass Proper-

ties Estimate. The requirements for the 'estimates are as outlined in 5,1.1
above, ) S :

5.17.1.3 Interim mass properties reports. Mass properties estimates
produced periodically during 2 given design or baseline phase are desig-
nated interim mass properties reports, 'except the final report of the phase
is designated the design or baseline mass properties estimate. This
interim report summarizes the current mass properties status of the design
and highlights changes that occurred in the reporting period. The reports
provide a comparison between estimated masas properties data and the

10
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constraints necessary for a satisfactory ship design with respect to dis-
placement, KG, list, and trim. The report shall reflect the appropriate
title, suech as: Preliminary Design - Interim Mass Properties Report, or
Functional Bageline - Interim Mass Properties Report. The report shall
contain the following:

{a} Previous design phase group level summary.

{b) Previous report group level summary,.

{¢) Current group level estimate and, when required, the element
level estimate and longitudinal mass distribution data.

(d)} Net change, by group and total, between (a) and (¢) above,.

(e) Net change, by group and total, between (b) and (¢) above.

(f)} Margin status, loads, full load displacement, KG, list, and
trim changes corresponding to net changes calculated for
(d) and (e) above.

(g} A brief narrative providing reasons for significant change
since previous report classified by group and element in
which the change occurred.

5.1.2 Supplemental documents. The supplemental documents specified
in 5.1.2.1 through 5.1.2.8 shall provide additional information, mass prop-
erties data calculations and background data during the pre-detail design
phase.

5.1.2.1 Top level specification input. Inputs to provide informa-
tion to the top level specification (TLS), regarding mass properties and
center of gravity constraints in the design as well as to estabilish the
mass properties control program for the ship acquisition process. This
specification shall include the constraints on displacement, KG, list and
trim for light ship, full load, and capacity load. List and mass proper-
ties control actions to be developed for the design, such as reporting
procedures and an engineering management plan for mass properties control
highlighting sensitive aspects shall also be included.

5.1.2.2 3hip Specifications section. The S3Ship Specifications sec-
tions shall be in the form of marked-up computer baseline specification
sections unless otherwise approved by the cognizant NAVSEA code. Specifi-
cally, the required loading conditions, mass properties reporting units,
the required three-digit system, margins to be included and monitored, and
other special requirements are established and invoked.

5.1.2.3 Contract data requirements list (CDRL). A CDRL will be
developed during the pre.-detail design phase for the detail design and
construction phase and will become part of the ship acquisition contract,

5.1.2.4 Design notebook - mass properties. The design masgs proper-
ties notebook summarizes in chronological order, events that occurred
during the design development (including margin determination) with cited
references to studies and reports, as applicable. This notebook documents
the evolution of the ship design, while highlighting the major problem
areas and resolutions encountered during the design as reflected in the
development of the mass properties estimate. 1In addition, the design

11
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notebook documents the mass properties issues and decisions related to the
development of the mass process., All information used in the development
of the estimate, such as engineer's notes, memoranda, records of telephone
conversations, material equipment lists, factors and equations, shall be
contained in the design notebook so as to form a complete historical record
and background supporting the mass properties estimate and design history.

All pertinent mass properties data shall be included 1n tabular form for
this notebook.

5.1.2.5 Schedule "A"™ mass properties input. During the pre-detail
design phase, a 1ist of GFM i3 developed for inclusion into the ship con-
struction contract. The preliminary copy of this list will be provided the
design contractor for inclusion of unit mass and center of gravity informa-
tion. This GFM data is used in developing the final Schedule "A"™ listing.

5.1.2.6 Mass properties trade-off studies. Trade-off studies com-
prise various engineering and technical studies directed toward determining
detail mass properties data. These analytical studies are used to support
design change proposals. These studies are delivered on an "as requested
basis", and contain detailed mass properties calculations reflecting the
impact of the study on ship displacement, KG, list and trim. There is no

fixed format for the mass properties calculations, but the SWBS classifi-
cation system shall be used.

5.1.2.7T Input data cards. The input data cards provide inputs to
the Navy standard mass properties computer program. The card foermat shall
be as described in appendix A and shall reflect the same data used in the
preparation of the estimates or reports they accompany. These data may be
magnetic tape in lieu of cards. Submittal by magnetic tape ahall comply
with the requirements set forth in ANSI 'X3.4.

5.1.2.8 Mass distribution report. A longitudinal mass distribution
shall be provided in a tabulated format in accordance with the standard
longitudinal station breakdown (see 3.43). Mass and longitudinal center of
gravity shall be determined for.each. ship station for both light ship and
full load condition. The resultant total mass and longitudinal center of
gravity for the mass distribution report shall equal the values reflected

in the basic mass properties estimate or report for the ‘same reporting
period.

5.2 Detail design and construction phase., Estimates, reports, and
supplemental documents for this design phase shall be in accordance with
5.2.1 through 5.2.1.1.2. A11 required loading conditions shall be included
in the estimates and reports. Where two or more ships of the same class
are being built from the same ship construction drawings at the same ship-
yard under the same contract, the mass.properties data of all items shall
be determined for only the first ship. Deviations in design or construc-
tion from the first ship (including different manufacturers of materials or
components from the first ship) shall be reported in the quarterly mass
properties reports and the final mass properties report. The contractor

s
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. and NAVSEA 3hall agree on a schedule for selected areas of estimates and
reports that will be scheduled for timely calculation during the detail
design and the process for reviewing appropriate drawings., These selected

areas and the review process shall be agreed on prior to or concurrently
with establishing the accepted mass properties estimate,

£.2.1 Maas properties estimates and reports. Mass properties esti-
mates aad reports prepared during this phase conszist of contractor's design
mass properties estimate, accepted mass properties estimate or baseline
mass properties estimate, quarterly mass properties report, and final mass
properties report. These estimates and reports are in detail and summa-
rized in tabular form as follows:

-l P a2

(a) Three-digit system number and title.
(b)Y Original mass (not required for the contractor's design,
accepted, or baseline mass properties estimate).
(c) Current mass.
‘ {d) Current vertical lever.
{e) Current vertical mass moment.
(f) Current longitudinal lever,
(g) Current longitudinal mass moment,
‘ (h) Current transverse lever.
(i) Current transverse mass moment.

{(j) Current percent completion {notl regquired for the coutrac-
tor's design, accepted, or baseline mass properties
estimate),

(k) Special coding symbols.

| ' Caleculations and actual mass determinations shall be terminated for each
|

report and the preparation of each report shall have begun sufficiently
early so that the required submittal date of the report is not compromised,

5.2.1.1 Determination of mass properties data. Mass properties data
may be obtained by a combination of estimation or calculation of ship con-

struction drawings and by actual mass determination. The actual mass of
all components and equipments, exceeding 225 kilograms (500 pounds), both

contractor and Government responsible, shall be determined and centers of

‘ gravity estimated or calculated to establish the accuracy of estimated and
calculated mass properties values. The actual mass values for materials
and for components and equipments which are less than 225 kilograms (500
pounds) shall be determined on a selective or sampling basis, as determined

by the contractor, to provide unit mass data for items such ag insulation,

| steel, sheathing, piping, and the components and equipments under 225 kilo-

grams {500 pounds). Where factors or percentages sre utilized, such as for

[ estimating and calculating paint, mill tolerance, and welding values, the
contractor shall substantiate these values by realistic background informa-
tion, both current and historical. Historical paint, mill tolerance, and

‘ welding factors background information shall be forwarded with the con-
tractor's design or baseline mass properties estimate. Final values for
paint, mill tolerance, and welding factors based on current ship informa-

‘ tion shall be forwarded with the final mass properties report,

b
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5.2.1.1.1 Where development has occurred to a component, system or
pertion of structure and reliable information or completed ship construc-

tion drawings are not available for the .specific area of development, a

re-estimate shall be made to obtain the most accurate current mass.

. 5.2.1.1.2 To minimize the amount of actual mass determination neces-
sary by the contractor in order to comply with the Ship Specifications, the
contractor shall, in his acquisition documents, require subecontractors or
vendors to submit information 'on the current mass and location of the
centers of gravity of all major assemblies, equipment, fittings, or compo-
nents to be installed on the ship. It is suggested that information be
submitted by subcontractors or vendors in the following sequence:

(a) Estimate of mass shall be contained in the proposal by the
subcontractors or vendors for a particular component, major
assembly, equipment,.or fitting.

{b) Calculated mass of the component, major assembly, equipment,
or fitting when its design is completed.

(e) Actual mass of the component, major assembly, equipment or
fitting when its design is completed.

5.2.1.2 Contractor's design mass properties estimate. The con-
tractor's design mass properties estimate establishes the contractor's
estimate of the ship maszs properties data at the beginning of detail design
and construction phzse based on the Ship Specifications contract drawings,
contract guidance drawings, and the design data package. It consists of
the' contractor's estimate of the light ship, full lecad, and capacity load
displacements and their associated drafts (forward, aft, and mean), list,
trim, KG and GM, uncorrected and corrected for free surface effect of
liquids in tanks. Other loading conditions may be invoked by Section 096
of the Ship Specifications. Items shall be grouped in accordance with the
three-digit system and by category for nuclear powered ship. The estimate
shall contain estimated values for detail design and building margin. The
contractor shall be prepared to substantiate mass and KG values proposed
for this margin by realistic comparisons with recent similar ships or tech-
nical analysis, Other acquisition margin values may be required to 3ection
096 of the Ship Specifications for ineclusion in this estimate. The vari-
able load shall be distributed realistically throughout the ship in appro-
priate spaces. The mass of materials stowed or of liquid loaded in any one
space or tank shall not exceed the capacity, based on the density factor
for the space or tank. Histpridal background information for paint, mill
tolerance, and welding factors used in developing this data shall be
included in the estimate. The estimate shall be in tabular form as out-
lined in 5.2.1. ’

5.2.1.3 Accepted mass properties estimate. After submittal of the
contractor's design mass properties estimate, the contractor and NAVSEA
agree on the accepted mass properties estimate. To expedite this agree-
ment, the contractor shall, upon requegt, visit NAVSEA after submittal

14
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of the contractor's design mass properties estimate. The accepted mass
properties estimate shall include all details, summaries, and margins
required for the contractor's design mass properties estimate. The
estimate shall be in tabular form as ocutlined in 5.2.1.

5.2.1.4 Baseline mass properties estimate (BLMPE). In the detail
design and construction phase, the BLMFE is entitled lead or follow ship
allocated baseline mass properties estimate as appropriate., This estimate
is the best evaluation of the ship with respect to mass and the vertical,
longitudinal, and transverse location of the center of gravity. It is
derived by comparison to an analysis of the preliminary allocated baseline
mass properties estimate (PABLMPE) by the Government and the contractor.
The BLMPE shall include all detail, summaries, and margins required for
PABLMPE, The estimate shall be in tabular form as outlined in 5.2.1.

5.2.1.5 Quarterly mass properties report. This report shall reflect
the latest evaluation, as constructed, of the ship's displacement, KG,
trim, and 1list, and their relationship to the accepted or baseline mass
properties estimate values for displacement and KG, and specified limits
for trim and lists. Each report shall contain current values for displace-
ment, drafts (forward, aft, and mean), trim, list, GM, and KG, with and
without the net effect of adjudicated and unadjudicated contract modifica-
tion and mass and mass moment changes in GFM, along with the status of all
required margina. These values shall be for light ship, full le¢ad, and
capacity load conditions. Other loading conditions may be invoked by Sec-
tion 096 of the Ship Specifications. The quarterly mass properties report
5hall inelude reasons for mass and mass moment changes (in accordance with
the three-digit system) from previous estimates and reports, with sup-
porting details, if requested, and shall also include recommendations for
reversing trends toward exceeding the established margins or limits. Items
shall be grouped and detailed as in the accepted mass properties estimate
or baseline mass properties estimate, Each item shall be marked to indi-
cate whether the information given is based on estimating, calculating, or
actual mass determination. Summaries shall include percent completion.
(This shall be shown for each one-digit and three-digit system summary and
for the ship as a whole.) The quarterly mass properties report shall also
include a tabulation and description of unit mass for all equipments and
components exceeding 225 kilograms (500 pounds) for which an actual mass
determination was performed during the reporting period. The report shall
be in tabular form as outlined in 5.2.1.

5.2.1.6 Final mass properties report. A final report shall reflect
the final values of the ship's displacement, KG, trim, and list and their
relationship to the accepted or baseline mass properties esatimate values
for displacement and KG, and specified limits for trim and lists. This
report shall contain final values for displacements, drafts {(forward, aft,
and mean), trim, 1list, GM, and KG, with or without the net effect of adju-
dicated and unadjudicated contract modifications, and mass and mass moment
changes in GFM. Other loading conditions may be invoked by Section 096 of
the Ship Specifications. Items in this report shall be grouped and
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detailed as in the accepted or baseline mass properties estimate. Each .
item shall be marked to indicate whether the information given is based on
estimating, calculating, or actual mass determination, Descriptions of
items shall include the types, sizes, ratings or capacities, and the number
of units or items reported so that unit mass values may be obtained. The
final mass properties report shall reflect accurately the condition of the
ship as built. This report shall contain the final actual values for all
required acquisition margins., Summaries 3hall include percent completion.
(This shall be shown for each one-digit and three-digit system summary and
for the ship as a whole.) The final mass properties report shall also
include a tabulation of description and unit mass for all equipments and
components exceeding 225 kilograms (500 pounds) for which an actual mass
determination was performed during this final reporting period. Final
values for paint, mill tolerance and welding factors based on current ship
information shall be forwarded with the final mass properties report. The
report shall be in tabular form as cutlined in 5.2.1

5.2.2 Supplemental mass properties reports. The following supple-
mental mass properties reports, specified in §.2.2.1 through 5.2.2.4.1

provide additional information and background data during the detail design
phase,

5.2.2.1 GFM reports. In addition to recording mass and mass moments
data of GFM material in accordance with .the three-digit and category
(nuclear only) systems in the contractor's design mass properties estimate
and accepted or baseline mass properties estimate, a separate report of GFM
mass properties data, excluding that of any Government-furnished structural
steel shall be developed. This report supplements the contractor's design
mass properties estimate, accepted mass properties estimate or baseline
mass properties estimate, quarterly mass properties report, and final mass
properties report. These GFM reports are supplemental information to the
quarterly and final mass properties reports, and shall reflect concurrent
mass properties information for the period of the repért they accompany.
Net. changes in GFM mass properties data are adjudicated prior to the per-
formance of inclining experiment and are used to modify the displacement
and KG of the accepted or baseline mass properties estimate.

+

5.2.2.1.1 Changes of line items in the GFM list or inadvertent omis-
sion or inclusion of a GFM item from the accepted mass properties estimate
or baseline mass properties estimate shall not be grounds for making addi-
tions, deletions, or substitutions of line items of the GFM reports. Any
change to the GFM l1ist shall be accomplished by a contract modification,
The corresponding mass properties changes shall be part of the contract
modification report and not be reported in the GFM report. NDeletions from
the GFM report shall be accomplished by using the accepted or baseline mass
properties estimate values as the current mass and mass moment values at
the time of deletion and in all subsequent GFM reports. The reduced mass

and mass moment values’ resulting from such deletions shall be reflected in
the adjudication of the contract modification.
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5.2.2.1.2 If acquisition responsibility passes from Government to
contractor, the accepted mass properties estimate or baseline mass proper-
ties estimate values shall be used as the current mass and mass moment
values in the GFM report, and the contract modification shall be adjudi-
cated to reflect any net mass and mass moment change. If acquisition
responsibility passes from contractor to Government, the GFM report shall
remain unchanged asnd the contract modification shall be adjudicated to
reflect any net mass and mass moment change. Where no contract modifica-
tion is involved, or where later information indicates a difference
between the mass and mass moment of a GFM item and its mass and mass moment
a3 listed in the accepted or baseline mass properties estimate column, the
updated mass and corresponding mass moments shall be listed under the
"ecurrent" columns of the above tabulation. Any mass and mass moment
changes to such items due to contract modification shall be excluded from
the GFM report. This report, in tabular form with subtotals and totals,
shall include columns containing the following information:

{a) Identification by three-digit system.

(b) Schedule "AM™ line and item number.gl

(e) Description of item.

(d) Mass from the accepted or baseline mass properties estimate.
(e} Current estimated, calculated, or actual mass. )

(f) Current vertical lever.

{g} Current vertical mass moment.

{h) Current longitudinal lever.

(i) Current longitudinal mass moment.

(j) Current transverse lever.

(k) Current transverse mass moment,

5.2.2.2 Contract modification report. Prior to, or concurrently
with, each eclaim for equitable adjustment in price and delivery asserted
pursuant to the changes clause of the contract, an estimate of the net mass
and masgs moment change resulting from the contract modification shall be
prepared and submitted to the Supervisor. A separate summary listing of
adjudicated and unadjudicated contract modifications (including field
changes) shall be prepared. This report shall include all contract modifi-
cations listed numerically by NAVSEA number and include the title, net
change in mass and mass moments and whetner or not the change has been
adjudicated. This report supplements the gquarterly mass properties report,
final mass properties report and accepted ship report. Where the contract
modification reports are submitted as supplemental information to the

g-‘{If‘ the unit mass of a2 number of the same items is less than 50 kilograms

(100 pounds), but the items have a collective mass of over 50 kilograms
(100 pounds) and are in the same location, the collective mass may be
listed as one or more line items and reported in accordance With the
three-digit syatem.

17
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quarterly and final mass properties reports, they shall reflect concurrent
ma3ss properties information for the period of the report they accempany.
The report that supplements the accepted ship report shall include those
changes accomplished at the date of the inclining experiment,.

5.2.2.2.1 Supporting details for each change shall be incorporated
inte the body of the quarterly mass properties reports and the final mass
properties report in accordance with the three-digit and category (nuclear -
only) systems. Each item shall be marked to indicate whether the informa-
tion i3 based on estimating, calculating, or actual mass determination, and
whether or not the item is GFM. These detail line items shall be refer-
enced in the reasons for change listing included with the mass properties
reports. Prior to adjudication of the contract modification, the effect of
mas3 and -mas3s moment changes to these line items s3hall alsc be incorporated
into the contract modification summary listing. After the contract modifi-
cation has been adjudicated, any mass and mass moment changes to these
details shall be treated as any other detail line item in the mass proper-
ties reports., The values for the contract modification, as reflected in
the summary listing, shall not be changed after the cantract modification
has been adjudicated. The report shall be in summary form and of the
format in accordance with figures 2 or 3, -as required by the CDRL. This
listing shall be totaled to present the net effect of all contract modifi-
cations.

5.2.2.3 Accepted ship report. The accepted ship report highlights
the differences between the accepted mass properties estimate or the base-
line mass properties estimate and the ship as inclined. This report shall
be in summary form and of the format in accordance with figures 4 and 5, as
required by the CDRL. If the final inclining experimént report differs

significantly from the preliminary report of inclining, the accepted ship
report will be revised by NAVSEA to reflect these differences,.

5.2.2.4 Machinery mass properties report (nuclear). Machinery mass
properties reports for nuclear ships shall be submitted in the category

=R FAE i =g} nevaval [ RPRER LN R R PR R ) LR = A

system.‘ The report shall be divided into two sections. Section I shall
contain nuclear machinery items; Section II shall contain the remaining
items of the category system. The following summary sheets shall be in
each report: ’ ' :

(a) A listing of a total for each three-digit group within each
of the categories A through M. Sub-totals shall be listed
for each category, and a grand total for nuclear propulsion
machinery. )

Same as (a) with the excention that 8

TALCPYLLGL Vo

be listed separately with a sub-total for each
a grand total for nuclear propulsion machinery.
(c) A listing of a total of categories A through M for each

~—
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three-digit group to make a grand total for auclear
propulsion machinery.

The totals for all summaries should be the same.
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5.2.2.4.1 The reports shall include the following information in
tabular form:

(a) Mass values from the accepted mass properties estimate or
baseline mass properties estimate.

{(b) Current mass of each item.

{(c) Vertical levers.

(dY Vertical mass moments.

(e) Longitudinal levers.

(f) Longitudinal mass moments.

(g) Transverse levers,

{h) Transverse mass moments.

Where these reports are submitted with the contractor's design mass proper-
ties estimate, the accepted mass properties estimate or the baseline mass
properties estimate, the quarterly mass properties reports, and the final
mass properties report, they shall reflect concurrent mass properties
information for the period of the report they accompany.

5.2.3 Supplemental documents. The following supplemental decuments
when required by the CDRL, provide additional information and background
data during the detail design and construction phase.

5.2.3.1 Mass properties control plan. This plan shall be general in
nature and shall ocutline the procedures to be followed in meeting the mass
properties control responsibilities described in the specifications, The
plan shall include, as a minimum, technical aspects of the following
topics:

{(a) A discussion which inecludes the contractor's evaluation of
the condition of the design with respect to the ship's
naval architectural characteristics, ineluding discussion
of special mass properties problemsa, and where emphasis on
mass properties controel is to be applied.

{b) A discussion and understanding of the methed to be used in
adjusting margin mass and mass moment values.

(e} A schedule for briefings of management concerning the ship's
naval architectural condition throughout the detail design
and construction phase. The individual who will give the
briefingas shall be identified.

(d} Priority of computer time, if utilized.

(e) Discussion and a listing of the equipments such as scales
and balances including their capacity and accuracy and
pertinent calibration data to be used in performing actual
measurement.

(f) Discussion demonstrating understanding of the actual mass
determination requirements.

(g) A discussion of the detail to which the ship construction
drawings will be calculated and the recommended selected
areas of the estimates and reports that will be acheduled
for timely calculations during the design phase of the
contract.
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calculations.

(i) The planned action for verification of mill tolerances,
welding, and paint factors,. ]

(j) The management and technical authority of the mass proper-
ties control coordinator relative to the overall design
effort anticipated.

(k) The method of communicating the cond1t1on of the ship to
line personnel.

(1) The management action which will be taken upon detectiocn of
mass properties trends tendlng to cause estimated values to
be exceeded.

{(m) The method and degree of mass properties control that will
be required of contractors,

(h) The reporting schedule and cut-off dates for mass properties .

5.2.3.2 Mass properties design data sheet. The mass properties
design data sheet shall contain the required information and shall be of
the format indicated in figure 6 which is an example of a steam powered
ship. Major load and machinery iftems as appropriate to the applicable ship
shall be listed. This sheet 3hall include a note indicating whether the
units are in the SI system or inch-pound system.

5.2.3.3 Mass distribution report. A longitudinal mass distribution
shall be developed in a tabulated format in accordance with the standard
longitudinal station breakdewn (see 3.43). Mass and longitudinal center of
gravity shall be determined for each s3hip station for both Yight ship and
full load condition. . The resultant total mass and longitudinal center of
gravity for the mass distribution report 3shall equal the values reflected

in the basic mass properties estimate or report for the same reporting
period.

5.2.3.4 Input data cards. The input data cards provide inputs to
the Navy standard mass properties computer program. The card format shall
be a3 described in appendix A and shall reflect the same data used in the
preparation of the estimates or reports they accompany. These data may bhe
magnetic tape in lieu of cards. Submittal by magnetic tape shall comply
Wwith the requirements set forth in ANSI X3.1,

5.2.3.5 "Mass properties trade-off studies. Trade-off studies com-
prise various engineering and technical studies directed toward determining
detail mass properties data. These analytical studies are used to support
design change proposals and to support recommendations for reversing trends
toward exceeding established margins or limits. These studies are con-
ducted on an "as requested basis"™, and contain detailed mass properties
calculations reflecting the impact of the study on ship displacement, KG,
1ist and trim. There 13 no fixed format for the mass properties calcula-
tions, but the SWBS classification system shall be used.

Preparing activity:
Navy - SH
. _ _ {Project MISC-ND38)
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FEASIBILITY

FEASIBILITY
DESIGN
ESTIMATE

PRE-DETAIL DESIGN PHASE

PRELIMINARY

PREL IMINARY
DESIGN
ESTIMATE

- OR

FUNCTIONAL
BASELINE
MASS
PROPERTIES
ESTIMATE

Downloaded from htti://iww.everyspec.com I

DETAIL DESIGN AND CONSTRUCTION PHASE

INTERIM DESIGN MASS PROPERTIES REPORTS

CONTRACT

CONTRACT DESIGN
MASS PROPERTIES
ESTIMATE

OR

PREL IMINARY
ALLOCATED BASE-
LINE MASS
PROPERTIES
ESTIMATE

OR

ALLCCATED BASELINH
MASS PROPERTIES
ESTIMATE

SH 12058

SUPPLEMENTAL DOCUMENTS {AS REQUIRED)

DETAIL D{SIGN &
CONSTRUCTION
CONTRACT AWARD

DETAIL DESIGN & CONSTRUCTION
CONTRACTOR'S DESIGN
MASS PROPERTIES ESTIMATE

!
ACCEPTED MASS PROPERTIES ESTIMATE

OR

LEAD/FOLLOW SHIP ALLOCATED
BASELINE MASS PROPERTIES
ESTIMATE

MASS DISTRIBUTION

GFM REPORT

QUARTERLY MASS PROPERTIES REPQRT

CONTRACT MODIFICATION REPORT

ACCEPTED SHIP REPORT

FINAL MASS PROPERTIES REPORT

MACHINERY MASS PROPERTIES REPORT
{NUCLEAR)

FIGURE 1. Interface of mass properties reports in design and construction.
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CONTRACT MODIFICATION SUMMARY

NAVSEA STATUS MASS VERTICAL LONGITUDINAL TRANSVERSE
MASS MASS MASS REPORT
MR OR FMR {See note 1) CHANGE M MOMENT NO.
CHANGE CHANGE CHANGE (See note 2)
SUMMARY

(See note 3)

NOTES

1. "A" indicates adjudicated;

"U" indicates unadjudicated.

2. Include the report number where last change to the line item was incorporated.
3. This summary is entered in the line entitled "Net Effect of Contract Mods” of figure 4.

SH 12059

FIGURE 2. Contract modification summary (accepted mass properties estimate).

Tr4dy €
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CONTRACT MODIFICATION SUMMARY

NAVSEA STATUS MASS VERTICAL LONGITUDINAL TRANSVERSE

HMR OR FMR (See note 1) CHANGE H%ﬁggT M .ng HgﬂgﬁT
CHANGE CHANGE CHANGE

REPORT
Nol
{See note 2)

€C

Current Summary
(Margin Used)

Original Allocated
Baseline Values

Net difference between
Original and Current
(Unused Margin)

(See note 3)

NOTES:
1. YA" indicates adjudicated; "U" indicates unadjudicated.
2. 1Include the report mumber where last change to the line item was incorporated.

3. This summary is entered in the line emtitled "Contract Mod" of figure 5.

FIGURE 3. Contract modification summary (baseline mass properties estimate),

SH 12060
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ACCEPTED SHIP REPORT '

Mass ) Vertical Lonpitudinal Transverse Trim ~ List
K6 | Mags Mom | LCG | Mass Mom| TCG| Mass Mom | (F) / (A) (P) / (S)

Inclining Experiment ' ’
{Condition A)

Full Load Loads from
AMPE (Add)

Load Changes Due to
Contract Mods

Current Full Load
(Total)

b
Net Effect of Contract .- ' )

Mods (deduct) ‘
(See note 1)

GFM Net Changes '
‘ (deduct)
{See note 2)

Contractor Responsible
Values {Total)

Accepted Mass
Propert.ies Estimate
Values

{See nota 3)| (See note 3)

NOTES:
1. Represents summation of adjudicated and umadjudicated values for all contract modificatione accomplished
at date of inclining experiment including those affecting variable loads (see figure 2).
2. Represents values shown in Standard Porm 30 "SUPPLEMENTAL AGREEMENT" for net mass and mase moment
differences in GFM from accepted mass properties estimate values,
3. Insert tolerances agreed to or limits in Section 070 of the Ship Specificationms.

FICURE 4. Accepted ship report (accepted mass properties estimate).

50 12061
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ACCEPTED SHIP REPORT

Vertical

Lon,

itudinal

Transverse

Trim

Mass

[&

Mass Mom

LCG

Masa Mom

TCG | Mass Mom

(F) [/ (A)

Iist
(P) / (8)

Inclining Experiment
(Cond.A)

Current Full Load
Loade (Add)

Current Full Load
Condition

Unused Government Margin
(See note 1)

Contract Mod {Add)
{See note 2)

GM (Add)

174

Current Full Load Cond
(with Unused Govern=-
ment Margins)

ABIMPE Full Load
Condition Values

{See note 3)

(See note 3)

NOTES:

1. For any margin that is not applicable, ingeri N/A in the Mass column,

2., Represgsents unused margins as reflected in figure 3.

3. Imsert tolerances agreed to or limits in Sect:ion 070 of the Ship Specifications.

FIGURE 5. Accepted ship report (baseline miss properties estimate).

SH 12062

-
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Indicate Security Classification

MASS PROPERTIES DESIGN DATA SHEET

Uss
GENERAL DATA MASS PROPERTIES SUMMARY DATA
Type: GROUP MASS® - yco LCG
Endurance: 1 Hull Structure
Trial Speed: 2. Propulsicn
Complement: 3. Eleetric Plant
4, Command & Control
HULL CHARACTERISTIC3 5. Auxiliary System
LOA: DWL from baseline: 6.- Outfit and Furn.
LBP: Max. beam molded: 7. Armament
MP: Mean depth at ‘side: Total Lignht Ship
Prismatic coef: Depth at CL, Mid. Sect: ;
Block coef: Speed to length ratio: FULL LOADS
Midship coef: Cubic number: o ;
Waterplane coef: Volume of hull: LOAD MASS*® Yo LCG
. : : ) . Crew and effects .
DISPLACEMENT AND STABILITY CHARACTERISTICS Ammunition
Limiting drafts: ’ | T " Provisions & stores - ’ -
full load drafta: General stores
Limiting KG: . Cargo
Trim;: - Lube oil
. I - Reserve feed water
COND A- COND D Fuel

Displacement: Cantaminated oil
KM: Others as applicable
KG: Total Loads
GM:

GM (corr, free surf):

#* Metric tons or long tons

MACHINERY

Boilers

Turbines

Reduction gears

Thrust bearings

Main force draft blowers
Main econdenser

Propeller

# Kilograms or pounds

PROPULSION CHARACTERISTICS
Full power:

Cruising:

Steam conditions:

PROPULSION PLANT

No, per ship Rating Manufacturer Unit mass#, dry

Indicate Security Classification

FIGURE 6. Mass properties design data sheet format.

,z86l 1rady €l
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Indicate Security Classification
ELECTRIC PLANT

MACHINERY No. per ship Rating Manufacturer Unit mass#, dry

33 generators
Emergency generators
Motor generators

AUXILIARY PLANTS

Distillers

Air condition

Refrig. units (ships)
Refrig. units (carge)
Air compressors
Rudder

Anchors

# Kilograms or pounds

Indicate Security Classification

FIGURE 6. Mass properties design data sheet format, - Continued

zg6l 111dy €1
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APPENDIX A

INPUT DATA CARD FORMAT

10. Scope. This appendix contains the required format for
completing the standard Navy mass properties report input data cards,

20, Format. Input data cards when required by the design contract
or Ship Specifications shall be interpreted and shall be punched in binary
coded decimal (BCD) in accordance with the format specified in this
appendix. The format is as follows:

(a)

(b}

o -

Columns 1 through 5, element numbers. Columns 1 through 3

are based on the Ship Work Breskdown Structure (SWBS) (see
NAVSEA 0900~LP-039-9010) or Bureau of Ships Consolidated
Index (BSCI) of Drawings, Materials and Services Related to
Construction and Conversion {(see NAVSEA 0902-LP~002-2000).
Columns # and 5 provide for special subtotals within an
element number. Columns 4 and 5 shall contain only numeric
data. Generally, two zeroces are used to designate a SWES
or BSCI element title. For example, Mzin Deck would be
designated 13100 for SWBS or 10700 for BSCI. It is noted.
that SWBS subgroups ending in a zero are not to be used for
mass properties input data such as 110, 120, 230, 240, etc.

Column 6. Column 6 is used for functiconal category desig-

nation when required for nuclear powered shipa. These
categories are defined by NAVSEA 0900~-LP-039-9020 for SWBS
and NAVSEA 0902-LP-002~2000 for BSCI.

Columns 7 through 10, item number. The item number provides

the means of identification of each line within any five-
digit element number. The following rules apply:

(1Y Each line shall have an item number. '
(2) All title cards representing any of the basic SWBS3 or
BSCI title shall include a "ZERO" in column 10.

Note: Titles for special subtotals within a SWBS
element may contain any item number desired,.

{3) Care shall be tsken not to repeat any item numbers
within a five~digit element, .

{4) Do not use any leading zerces in the item number such
as 0010.

(5) Item numbers for entries should be entered in incre-
ments of tem such as 10, 20, and 30 in lieu of 1, 2,
and 3.

(6 All item numbers shall be right justified.
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(d) Column 11, station., This column is used in conjunction .
with the standard longitudinal mass distribution for
subsequent strength calculations. For mass distribution,
the ship 1s divided into 22 stations which are lettered A
through X (excluding I and 0). Station A is designated to
contain all items whose longitudinal center of gravity
(LCG) is forward of the forward perpendicular., Station B
‘contains all items with an LCG between the forward perpen-
dicular and ship station 1. Station C contains items
between ship station 1 and ship station 2, and 30 on to
Station X which contains all items aft of the aft perpen-
dicular. For each item (except title cards and items with
no mass), column 11 shall contain a letter from A through X
(excluding I and 0) unless one of the following special

C options is. used'

¢

(1) An asterisk inserted in column 11 for any item

. indicates the mass will be automatically distributed
in a 22-station longitudinal distribution in
proportion to the basic hull structure. The basic
hull structure for SWBS consists of group 1 from 110

" . through 159, except 114 and 123 through 126; and for
BSCI, consists of group-1 from 100 through 111 plus
114, Items in.the basicé hull structure shall not use
the "#m gption, '

{(2) A digit 2 through 9 in eolumn 11 indicates the mass fer
the given item will be distributed over 2 through 9
stations centered about the item's LCG. If enough
stations are not available to do a particular
distribution, the distribution will be done over as
many stations as are available. For instance, if a
six-~station distribution i3 required within twe
stations of either end of -the ship, then a four-
station distribution will oceur. :

(e) Column 12, special designator., This column shall contain
designators established by the Government. Where no
designator is applicable, this column shall be left blank.
In the event of a confliet in determining which designation
is to be used, the order of precedence shall be by

- alphabetical order. This designator provides for dual

purpose as follows:. .

(1} Provides for extractions across the entire ship for
summaries such as plates, extruded shapes, weldments,
- primery, secondary, and others as required.
{2) Provides for listing within the three-digit element
such as controls, eomponenta. distribution, and others
as. required.
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following designators are applicable:

Controls, such as valves, switches, regulators,
gear boxes, and shutters.

Distribution items, such as ducts, pipe, wire,
wireways, connectors, waveguides, propeller
shafts, and propeller ahaft bearings.

Plating and sheeting.

Forgings, extrudea shapes, rolled shapes, built-up
shapes, and castings.

- Weldments.

Mz ior compen

3

8 such as air conditioner unitas

Sw o LULUL VAT HRla g

ant
antennas, actuators, batteries, blowers, becilers,
compressors, computers, cranes, davits,
distillers, transmitters, receivers, transceivers,
engines, fans, generators, motors, propellers,
pumps, turbines, winches, and replenishment at sea
(RAS) equipment.

Secondary, peripheral, and interface components,
such as hydraulic reservoirs, electrical power
supplies, nonintegral tanks, filters, heat
exchangers (for system), and sub-bases.

-

Column 13, special modifier. This column shall contain a

modifier established by the Goverument for the celumn 12
designator for those items in groups 1 through 7 only,

not including items of variable load. 1In the event =2
.modifier cannot be determined, a "Z" shall be inserted.
This modifier also provides for dual purposes, as follows:

i.e.

(1)

(2)

(3)

Provide for extractions across the entire ship for
various material types, such as all steel, all
aluminum, a2nd others, as required.

Provide for special systems summaries across the entire
ship or within certain elements such as all payload,
all habitability, and special systems such as
hydrofoils and air cushions.

The

mmMmO QW
t

following modifiers are applicable:

Aluminum.

Brass and bronze.

Copper, copper-nickel, and nickel-copper.

Ordinary strength steel.

Higher strength steel.

Fiberglass, plastic, and insulation material.
Habitability items, such as berthings, clothing and
personal effects stowage, leisure syatems,
sanitary systems, messing, personal service,
utility, and work systems. (This modifier shall
supersede any material type modifiers.)
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- Wood material, |

- Liquids. '

"Lead. _ o,

-~ Miscellaneous metallic material.

- Miscellaneous nonmetallic- - material.

~"Payload which includes items that are peculiar to

- the specific missions of a partlcular ship, such
a3 minesweep gear ‘on a minesweeper, oceanographic
gear on an cceanographice ship, ete. (This
modifier- shall .supersede any material modifiers.)

‘Welding, r1vet1ng" and fastenlng

vEZZr RS
'

W

!

Columns 1u through HS. descrlption Use these'32 columns

to adequately describe each item. Whatever is entered on
the input data card is. reproduced exactly on the mass
properties estimate or report- printout. Ahy combination of
alpha-numeric characters or blanks can be used. Clear and
complete description i3 essential.” Note: If budget mass
is being used, see 20(h) of this appendix, description
field for SWBS or BSCI element t1t1es shall not extend past

column 37.

Columns 38 through HS. budget mass. Budget ‘mass, if used,

is entered in integer kilograms- (pounds) on SWBS .or- BSCI
title cards only, This allows mass values from 0 to
99,999,999 kilograms ‘(pounds). (to be entered 99999999).
Columns 46 ‘through 53, unit mass. Always enper unit mass

of any item in kilograms (pounds).. The broken line on the
Standard Navy Transmittal Form (NAVSEA 5230/32) between
columns 51 and 52 provides a decimal point, allow1ng a unit
mass up to 999,999.99 kilograms. (pounds). When the unit
mass is'a whole number, enter zeroes behind’ the decimal
line in columns 52 and 53. "If the mass is" " a deduction,
enter a minus sign (-) immediately befokelthe unit mass
number., _ . ‘
f‘o"lnmna Rll fhnnnnh g7 numhar of units UQTHQQ Froam .00

i VLR W ol - 10 A | LR R S oA WA AE A W A owa N we o3 WL

to 999 units can be entered. This number is multiplied by
unit mass to produce total mass for each line item. Unit
mass3, number of units, and total mass are all printed in
the detail output. If a decimal number is being used in
number of units, the decimal point must be punched.
Columns 58 through 62, vertical center ‘of gravity (VCG).

Use these columns for entering the VCG of each item, in
meters (feet) and hundredths. When the VCG is a whole
number, enter zerces behind the decimal line between
columns 60 and 61. (The VCG will.be‘mﬁltihlied by the
computed total mass and the resultant vertical mass moment
will be printed,) If the VCG i3 negative (a mass below the
baseline), enter a minus (-) s3ign immediately before the
VEOrN nismh N : .
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Columns 63 through 67, longitudinal center of gravity

(LCG). Use these columns for entering the LCG of each

item, referenced in meters (feet) and hundredths forward or
aft of the longitudinal reference datum. (The LCG will be
multiplied by the computed tetal mass and the resultant
longitudinal mass moment will be printed.} Always enter a

nasaditive 1000 nny gaion 18 nanssasarv Wnan thae 100G 412 a
I-IUGJ.V-I-I"-‘ Ad WA g 1A NS ‘UJ.bll e I.IGMK_\JUG)J- LN ki Ak Wt A e L2

whole number, enter zeroes behind the decimal line hetween
cclumns 65 and 66. - .

Column 68, LCG sign, As mentioned above, the LCG i3 always
entered as a positive value. Enter "F" or "A"™ to indicate
whether the mass is located forward or aft of the
longitudinal reference datum. A blank in column 68 is
interpreted to mean "A" of aft.

Columns -69 through 73 -~ Transverse center of gravity (TCG).

~Use these columns for entering the TCG of each item,
referenced in meters (feet) and hundredths port or
starboard of the centerline. When the TCG is a whole
number, enter a zero behind the -decimal line between
columns 71 and T72. (The TCG will be multiplied by the
total mass and the resultant btransverse mass moment will be
printed.) Always enter a positive TCG, no sign is
necessary. If the TCG is not applicable, leave columns 69
through 73 blank.

Column 74, TCG sign, As mentioned above, the TCG is always
entered as 2 positive value. Enter "P" or "38" to indicate
whether the mass is port or starboard of the centerline. A
blank in column 74 is interpreted to mean "P" or port.

Column 75, reservation indicator (RES). This column is
uged to indicate mazs reservation items or design
responsibility. The letter "R" shall be used to designate
a reservation item, The letters "A" through "2Z" (except
"R") may be used as required, to indicate design
responsibility such as:

H - Hull design.
M - Machinery design.
E - Electrical design.

Column 76, reason for change. This coclumn is used to
Tndicate reason for change as follows:

- Nomenclature change {(no mass properties change).

- Contract modification change.

- Government furnished material change.

~ Change to class status such as eatimated to calculated
or calculated to actual.

9 and A-Z user asgigned reasons. The column appears under
[ad s Kol | ]
wvrwua’

£ W -0
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Column 77, material  source indicator. The column is used .

'to indicate the source of an item as follows:
G - Government-furnished material.
F - Contractor-fabricated material.
P - Contractor=-purchased material.

Column 78, class status. Use to indicate the confidence of

the mass value entered for the line item as feollows:

. Estimated mass.,

Calculated mass,

Actual (scale) mass.

Vendor or catalog mass. (to be changed to "A" upon actual
- mass3 determination of the item.

#

1

Columns 79 through 80, report number. Enter the report

number where the change was first incorporated. Report
number "AQY shall be used for the first submittal of input
data cards, Cards changed prior to the first pericdic mass
_property report shall carry report number "BO" for the
first such change, "CO" -for the second, etec. The first
periodic mass properties report 'shall have column 79 blank
and "1" in column 80, etc. Deletion cards shall contain
the letters ‘"DD" in columns 79"and 80 in lieu of a report -
number. '
General input data card requirements.

(1) Loads i
a. Load title cards. Title cards shall be prepared
for each required load. condition and for each load
element comprising that condition in accordance
with SWBS (this classification system is
applicable to BSCI loads alsc) in the following

FPrrmad »
LUy uawv.

Column 1 - Alpha load condition designator.
Column 2-3 - Load element number.

Column 4-5 - Zeroes.

Column 10 - .Zero,

Column 14 through. 37 - Load element title.

b, Load detail cards. Loads for SWB3S and BSCI are
. classified in much the same manner as light ship
elements in groups 1-7 and follow the same
format, Input data cards must be prepared for all
detail load items comprising the full load
condition (F in column 1). The letters A through
L are used in column 1 to indicate variocus other
loading conditicns. l

w
£
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Margins, Margins for SWBS and BSCI are classified in

accordance with SWBS, The mas3s and mass moment of
each margin will be automatically distributed over the
22 lengitudinal stations in proportion to the light
ship mass distribution. The margins can be either
input as a total mass, or as a percentage of tetal
light ship displacement., Margin cards are prepared in
a similar manner to light ship details. The firsast
card of the margin group shall be a title card of the
form "MO000-w—=0—-~—-Margins" beginning on column 1.
Margin depletions are handled as negative detail mass
entries in the same manner as light ship details and
follow the same format. Margin options are as
follows:

a. Option 1 - input mass. Enter the total margin mass

in kilograms (pounds) in columns 86-53, and
centers of gravity as desired. All or any center
of gravity may be left blank. The margins will
then be automatically positioned at the light ship
center of gravity.

Option 2 - percentages Mar

: gin mavrvy ha snoamnntad aa
ol - ) Lt} B a gy M G

W W NI R MW W R

4
a percentage of total light ship. In the UNIT
MASS, columns #6-53, enter the percentage desired
(e.g., 4 percent = 4.00). Enter zero in column
57 of number of units., Center of gravity may be
entered or left blank. TIf left blank, margins
will be placed at light ship center of gravity.

Title cards. Seven title cards, one for each of the

groups 1 through 7, are included in the Navy program.
All other title cards shall be prepared by the user.
It is required that a title card be prepared for each
of the SWBS or BSCI elements.
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APPENDIX B

DATA REQUIREMENTS

10. DATA

10.1 Data requirements. When this standard is used in a contract
which incorporates a DD Form 1823 and invokes the provisions of 7-104.9(n)
of the Defense Acquisition Regulation (DAR), the data requirements
identified below wWill be developed as specified by an approved Data Item
Description (DD Form 1664) and delivered in accordance with the approved
Contract Data Requirements List (DD Form 1323) incorporated into the
contract. When the provisions of DAR 7-104.9(n) are not invoked, the data
specified below will be delivered by the contractor in accordance with the
contract requirements. Deliverable data required by this standard is cited
in the following paragraphs:

Paragraph Data requirement Applicable DID Optien
5.1 through 5.1.2.1, Mass properties estimates DI-E-2185 = —--meu-
5.1.2.% through and repotrts for surface
5.1.2.8, 5.2 ships

through 5.2.3.5,
figures 2 through
5, and Appendix A

5.%1.2.,2 Ship specifications UDI-E-26H485 = o—ceee-
section

5.1.2.3 Contract data require- DI-A~23434 W +—cecwemo
ments list

(Copies of data item descriptions required by the contractors in
connection with specifiec acquisition functions should be obtained from the’
contracting activity or as directed by the contracting officer.)

10.1.1 The data requirements of 10.1 and any task in the standard
required to be performed to meet a data requirement may be waived by the
contracting/acquisition activity upon certificaticn by the offercr that
identical data were 3ubmitted by the offeror and accepted by the Government
under a previous contract for identical item acquired to this standard.
This does not apply to specific data which may be required for each
contract, regardless of whether an identical item has been supplied
previously (for example, test reports).
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